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SOLID-STATE IMAGE TAKING DEVICEL
WITH UNIFORM NOISE DISTRIBUTION

RELATED APPLICATION DATA

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 14/087,281 filed Nov. 22, 2013, which 1s a

division of U.S. patent application Ser. No. 13/043,913 filed
Mar. 9, 2011 now U.S. Pat. No. 8,625,011 1ssued Jan. 7,
2014, the entireties of which are incorporated herein by
reference to the extent permitted by law. The present appli-
cation claims the benefit of prionity to Japanese Patent
Application No. JP 2010-070252 filed on Mar. 25, 2010 1n
the Japan Patent Office, the entirety of which 1s incorporated
by reference herein to the extent permitted by law.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a solid-state image taking
device adopting an all-pixel read method for reading out
pieces of electric charge at the same time from opto-
clectrical conversion elements each employed in one of all
unit pixels forming a pixel array and relates to an electronic
apparatus in which the device 1s embedded.

2. Description of the Related Art

One of typical examples of the solid-state 1image taking
device 1s a CMOS 1mage sensor for reading out opto-electric
charge, which has been accumulated in a PN junction
capacitor of a photodiode serving as the opto-electric con-
version element (also referred to herealter as an opto-electric
conversion section) ol every unit pixel employed in the
CMOS 1mage sensor, through a MOS transistor of the pixel.
The CMOS 1mage sensor carries out an operation to read out
pieces ol opto-electric charge, which each have been accu-
mulated in a photodiode, for every predetermined unit such
as a pixel or a row of pixels. Opto-electric charge 1s signal
clectric charge obtained as a result of an opto-electric
conversion process carried out by the photodiode. Thus, an
exposure period during which opto-electric charge 1s accu-
mulated cannot be made uniform for all pixels employed in
the CMOS 1mage sensor. As a result, a distortion 1s gener-
ated at an 1mage taking time typically for a case in which an
image taking object moves.

Typical Configuration of a Unit Pixel of the CMOS Image
Sensor

FIG. 1 1s a diagram showing the configuration of a umt
pixel 100 employed 1n a CMOS 1mage sensor according to
an existing technology disclosed 1n Japanese Patent Laid-
open No. 2009-268083 (hereinaiter referred to as Patent
Document 1).

As shown 1n FIG. 1, the unit pixel 100 employs a PD
(photodiode) 101, a transfer gate transistor 102 denoted by
reference symbol TRG and an N-type area 103 composing,
an FD (floating diflusion) capacitor denoted by reference
symbol FD 1n the figure. In addition, the unit pixel 100 also
has a reset transistor 104, an amplification transistor 105 and
a select transistor 106.

In the unit pixel 100, the photodiode 101 1s an embedded
photodiode created by typically forming a P-type layer 113
on the surface of a P-type well layer 112 constructed on a
semiconductor substrate 111 and embedding an N-type
embedded layer 114 beneath the P-type layer 113. The
transier gate transistor 102 transiers electric charge accu-
mulated 1n the PN junction of the photodiode 101 to the
N-type area 103 composing the floating diffusion capacitor

FD.
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In the CMOS 1mage sensor, the umt pixels 100 each
having the configuration described above are laid out to
form a umt-pixel matrix serving as an 1mage taking section.

In the 1image taking section, the amount of signal electric
charge transierred by the transfer gate transistor 102 from
the photodiode 101 to the N-type area 103 1s determined by
a timing to apply a transfer pulse TRG to the gate electrode
of the transfer gate transistor 102. A method of applying the
transier pulse TRG to the gate electrode of the transfer gate
transistor 102 employed in every unit pixel at the same time
1s known as the all-pixel read method mentioned before.
Mechanical-Shutter Method

By the way, a typical example of a method for imple-
menting an exposure operation of an 1image taking operation
during almost simultaneous exposure periods for all pixels 1s
a widely utilized mechanical-shutter method making use of
a mechanical shutter serving as mechanical light shielding
means.

This mechanical light shielding means carries out the
exposure operation by starting the exposure period almost at
the same time for all pixels and terminating the exposure
period also almost at the same time for all the pixels.

In accordance with the mechanical-shutter method, the
exposure periods are mechanically controlled 1 order to
make the exposure periods all but uniform for all unit pixels.
The exposure period 1s a period during which light incident
to the photodiode 101 1s converted 1nto opto-electric charge
serving as signal electric charge. Then, when the mechanical
shutter 1s closed, the unit pixel enters a state in which
actually no opto-electric charge 1s generated 1n the photo-
diode 101. After the mechanical shutter has been closed, the
signal electric charge 1s sequentially read out from the
photodiode 101. Since the mechanical-shutter method
requires that the mechanical light shielding means be used,
however, 1t 1s diflicult to reduce the size of the CMOS 1mage
sensor. In addition, since there 1s a limit on the mechanical
driving speed of the mechanical light shielding means, the
simultaneity of mechanical-shutter method 1s inferior to that
of an electrical method.

All-Pixel Stmultaneous Read Operation Using an Electronic
Shutter (Global Exposure)

In order to prevent a distortion from being generated at an
image taking time as described above, an 1mage taking
operation 1s carried out by making use of an electronic
shutter to execute electrical control for setting an all-pixel
simultaneous exposure period. The operation carried out for
setting this all-pixel simultaneous exposure period 1s
referred to as the so-called global exposure operation. By
referring to FI1G. 1, the following description explains steps
(1) to (6) of a procedure of the global exposure operation
disclosed 1n documents such as Patent Document 1.

Step (1)

Light incident to the photodiode 101 1s subjected to an
opto-electric conversion process of converting the light into
signal electric charge 1n the semiconductor substrate 111. In
the case of the configuration shown in FIG. 1 for example,
clectrons serving as the signal electric charge are accumu-
lated 1n the N-type embedded layer 114 whereas holes are
discarded from a P-type area not shown 1n the figure to the
outside. Some holes are caught by the P-type layer 113 so
that the signal electric charge 1s not trapped at a substrate
surface level imtroduced by a defect and the caught holes
serve as fixed electric charge having an eflect on the
clectrons accumulated 1n the N-type embedded layer 114. As
a result, the quantity of the saturated electric charge accu-
mulated 1n the N-type embedded layer 114 1s stabilized.
Step (2)
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When a transier pulse TRG 1s applied to the gate electrode
of the transfer gate transistor 102, an electric-charge
exhausting operation 1s carried out at the same time on all
unit pixels 1n order to discard electric charge accumulated 1n
the photodiode 101 employed 1n every unit pixel, that 1s, in
order to make the photodiode 101 empty.

Then, 1n an exposure operation, on the other hand, signal
clectric charge (that 1s, opto-electric charge) obtained as a
result of an opto-electric conversion process 1s accumulated
in the PN junction capacitor of the photodiode 101.

Step (3)

At the end of the exposure period during which the
exposure operation described above 1s carried out, the trans-
ter pulse TRG 1s again applied to the gate electrode of the
transier gate transistor 102 in order to turn on the transier
gate transistor 102 of every unit pixel 100 for all unit pixels
100 at the same time. With the transier gate transistor 102
turned on, all the electric charge accumulated 1n the photo-
diode 101 employed 1n every unit pixel 100 1s transferred to
the N-type area 103 serving as the tloating diffusion capaci-
tor FD of the unit pixel 100 for all unit pixels 100 at the same
time. On the falling edge of the transter pulse TRG applied
to the transfer gate transistor 102 for the second time, the
transier gate transistor 102 1s turned off, entering a closed
state. Thereatfter, the opto-electric charge accumulated in the
photodiode 101 of every unit pixel 100 during the same
exposure period for all the unit pixels 100 1s held i the

floating diffusion capacitor FD employed in the same unit
pixel 100.

Step (4)

The amplification transistor 105 amplifies a signal level
representing the amount of the signal electric charge held in
the N-type area 103. When a select pulse SEL 1s applied to
the gate electrode of the select transistor 106, the amplified
signal level 1s asserted on a vertical signal line 200 1n the
so-called D phase read operation. The D phase read opera-
tion to read out the amplified signal can be carried out for
every unit pixel 100. In this procedure, however, the opera-
tion to read out the amplified signal 1s carried out for every
row of unit pixels 100 on a one-row-after-another basis.
Step (5)

Then, when a reset pulse RST 1s applied to the gate
electrode of the reset transistor 104, the amount of electric
charge held 1n the N-type area 103 1s reset.

Step (6)

Thereafter, the select pulse SEL 1s again applied to the
gate electrode of the select transistor 106 1n order to assert
a reset level on the vertical signal line 200 1n the so-called
P phase read operation.

After the signal level and the reset level have been
asserted on the vertical signal line 200, 1n signal processing
carried out at a later stage, the reset level 1s used to eliminate
noises from the signal level.

Structure of Unit Pixel Having a Memory

Patent Document 1 and Japanese Patent Laid-open No.
He1 11-1770°76 (hereinafter referred to as Patent Document
4), Japanese Patent Laid-open No. 2006-311515 (hereinatfter
referred to as Patent Document 5), and Japanese Patent
Laid-open No. 2008-004692 (hereinafter referred to as Pat-
ent Document 6) disclose the structure of a unit pixel further
having a memory section added to the configuration shown
in FIG. 1. In some cases, the memory section 1s also referred
to as an electric-charge storage section.

FIG. 2 1s a diagram showing the configuration of a umt
pixel 300 including a memory section 107 described in
Patent Document 1.
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In addition to the N-type area 103 created in the P-type
well layer 112 on a silicon substrate serving as the semi-

conductor substrate 111 to serve as the floating diffusion
capacitor FD, the umt pixel 300 shown i FIG. 2 also
employs the memory section 107 denoted by reference
symbol MEM 1n the figure. In the same way as the N-type
arca 103, the memory section 107 1s created from an N-type
semiconductor area. The memory section 107 1s used for
temporarily stored opto-electric charge accumulated 1n the
photodiode 101 and transferred from the photodiode 101. A
transfer gate transistor 108 denoted by reference symbol
TRX 1s provided between the photodiode 101 and the
memory section 107 to function as means for controlling a
transfer channel between the photodiode 101 and the
memory section 107. To put it concretely, opto-electric
charge accumulated in the photodiode 101 1s transierred to
the memory section 107 by way of the transfer gate tran-
sistor 108.

SUMMARY OF THE INVENTION

In the so-called rolling shutter method for determining the
amount of electric charge accumulated 1n unit pixels pro-
vided on a row for every unit-pixel row for example, an
image distortion causing an image to be seen as an inclined
image 1s generated with ease 1n typically a moving-image
taking operation. For more information, the reader 1s advised
to refer to documents such as Japanese Patent Laid-open No.
2004-140149 (hereinatter referred to as Patent Document 2).
Thus, if an all-pixel read method generating no image
distortion 1s adopted, by merely applying the existing tech-
nology described in the document, the following demerits
will be encountered.

Let noise elimination processing be carried out by making
use of a D phase level (also referred to as a signal level) and
a P phase level (also referred to as a noise level or a reset
level) which are read out 1n the D phase read operation and
the P phase read operation respectively in the pixel circuit
configuration shown i FIG. 1 as described above. In this
case, after the D phase read operation has been carried out
to read out the signal level, the P phase read operation 1s
performed after resetting the N-type area 103 1n order to read
out the noise level. Thus, KTC noises generated 1n the reset
operation carried out to reset the N-type area 103 cannot be
climinated. As a result, the quality of the image deteriorates.
The KTC noises can be considered to be a sort of thermal
noise.

The kTC noise generated in the reset operation 1s a
random noise caused by a switching operation carried out by
the reset transistor 104 during the reset operation. Thus, 11 a
level prior to the transier of electric charge from the pho-
todiode 101 to the floating diffusion capacitor FD 1s not
used, the noise of the signal level cannot be eliminated with
a high degree of accuracy. This 1s because the noise of the
signal level 1s eliminated by carrying out the reset operation
after the signal level has been read out as a level representing
the amount of electric charge transterred from the photo-
diode 101 to the floating diffusion capacitor FD for all unit
pixels at the same time. By getting rid of the noise 1n this
way, a noise caused by an oflset error or the like can be
eliminated. However, the kTC noise cannot.

In the following description, the period of the operation
carried out to read out the signal level 1s referred to as a D
period whereas the period of the operation carried out to read
out the reset level i1s referred to as a P period. On the
boundary surface between an S1 material used for making
the semiconductor substrate 111 and an S10, material used
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for making a gate insulation film or the like, there are a
number of crystal defects so that a dark current 1s generated
with ease and added to the signal level. A vanety of
quantities such as the magnitude of the dark current vary. In
particular, the magnitude of the dark current varies in
accordance with the order in which electric charge held 1n
the floating diffusion capacitor FD 1s read out from the
floating diffusion capacitor FD. For more information, the
reader 1s advised to refer to documents such as Patent

Document 2 and Japanese Patent Laid-open No. Hei
01-243675 (hereinafter referred to as Patent Document 3).
The vanations in dark-current magnitude cannot be can-
celled too by merely adopting the noise elimination method
making use of the reset level.

In order to solve such problems raised by the reset-noise
climination methods disclosed 1n documents such as Patent
Documents 2 and 3, there have been provided technologies
disclosed 1 Patent Documents 1 and 4 to 6 mentioned
before. In accordance with these technologies, a memory
section 107 also referred to as an electric-charge storage
section 1s provided between the opto-electric conversion
section PD and the floating diffusion capacitor FD in the
pixel circuit as shown for example 1n FIG. 2.

The memory section 107 1s provided as shown in FIG. 2
in order to make the levels of the reset noise (or, strictly
speaking, the kKTC noise) uniform for all unit pixels 300.

The kKTC noises are electric-potential fluctuations left in
the tloating diffusion capacitor FD during the control of the
MOS ftransistor even after induction noises have been
absorbed. The kTC noises are thermal noises generated 1n
the channel resistor of the MOS ftransistor.

If the memory section 107 1s not provided, a sequence of
read operations 1s carried out as follows. First of all, the
signal level 1s read out from the N-type area 103 and, then,
the reset level 1s read out from the N-type area 103 as
described earlier.

With the memory section 107 newly added to the pixel
circuit, on the other hand, the signal electric charge also
referred to as the opto-electric charge can be stored tempo-
rarily 1n the memory section 107. Thus, even 1n the case of
an all-pixel read operation, a reversed sequence of read
operations can be adopted and carried out as follows. First
of all, the reset level 1s read out from the N-type area 103
and, then, the signal level 1s read out from the N-type area
103. By carrying out the reversed sequence of read opera-
tions 1n this way, a reset noise having a level about equal to
the reset level read out earlier 1s superposed on the signal
level 1n the electric-charge transier through the same tran-
sistor. Thus, the reset noise can be eliminated with ease 1n
noise elimination processing carried out later.

By adoption of the pixel configuration including the
memory section 107, 1t 1s possible to eliminate the reset
noise which 1s relatively large 1n comparison with a variety
of random noises.

On the presumption that the pixel configuration including,
the memory section 107 1s adopted, in order to further
climinate noises, it 15 necessary to eliminate noise compo-
nents such as smear components having an eflect on accu-
mulated electric charge and causing an alias signal. In
general, smear components are noise components super-
posed on signal electric charge also referred to as opto-
clectric charge read out from an opto-electric conversion
clement such as a photodiode and accumulated temporarily
in a memory before being transierred to a destination 1n a
way similar to an operation carried out by for example a
vertical transier register employed 1 a CCD 1mage sensor.
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If a memory section used for temporarily accumulating
signal electric charge also referred to as opto-electric charge
1s provided in the pixel configuration, a countermeasure
against the smear noise 1s required.

As a countermeasure against the smear noise, Patent
Documents 1 and 4 to 6 disclose a configuration 1n which a
light shielding film 1s used to shield the memory section
against light. In addition, patent reference 6 discloses a
structure 1n which a P-type embedded layer i1s provided on
the substrate deeper side of an N-type electric-charge stor-
age section corresponding to the memory section 107
employed in the unit pixel 300 shown in FIG. 2. The
clectric-potential barrier of the P-type embedded layer pre-
vents electric charge, which causes smear noises to be
generated on the substrate deeper side, from diffusing into
the N-type electric-charge storage section.

By adoption of such a configuration, 1t 1s possible to get
rid of smear components generated 1n each individual unit
pixel.

The memory electric accumulation period 1s a period
between an operation to transfer opto-electric charge from
the opto-electric conversion section PD to the memory
section at the same time for all unit pixels and an operation
to transier the opto-electric charge from the memory section
to the floating diflusion capacitor FD. Relative to the signal
component, the quantity of a noise including the smear
component as a main component increases as the memory
clectric accumulation period becomes longer. Thus, it the
memory electric accumulation period varies from pixel to
pixel, the quantity of such a noise also varies from pixel to
pixel as well. In addition, an inclined light component
causing the smear component 1s also not uniform for all unit
pixels. Thus, by merely applying the existing technologies
disclosed in the Patent Documents, 1t 1s difficult to eliminate
the noise having a quantity not uniform for all unit pixels.

The fact that the quantity of a noise including the smear
component as a main component increases as the memory
clectric accumulation period becomes longer and the fact
that there 1s an eflect of an inclined light component causing
the smear component as described above can be said to hold
true for not only the memory section, but also to the floating
diffusion capacitor FD, which 1s used for temporarily hold-
ing signal electric charge, as well. In addition, in some
configurations, a plurality of floating diffusion capacitors FD
may exist along a route through which signal electric charge
1s read out from the memory section (or the opto-electric
conversion section PD).

In accordance with what 1s written in this invention
specification, signal electric charge 1s transierred from the
opto-electric conversion section at the same time for all unit
pixels. In addition, an area used for holding electric charge
1s referred to as an electric-charge holding section or simply
as a holding section. That 1s to say, 1n accordance with a
single FD method to be described later, an FD area playing
a role as a section for converting electric charge into a
voltage expressed 1n terms of variations 1n electric potential
and a memory section MEM provided between the opto-
clectric conversion section and the FD area are each referred
to as an electric-charge holding section or simply as a
holding section.

The present invention proposes a pixel internal layout
structure capable of making noise components such as smear
noise components, which have an eflfect on accumulated
opto-electric charge, uniform throughout the layout surface
of all umt pixels. In addition, the proposed pixel internal
layout structure 1s also capable of suthiciently eliminating the
noise components. The present invention also provides a
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solid-state 1mage taking device employing unit pixels each
having such a pixel internal layout structure. On top of that,
the present invention also provides electronic apparatus each
employing a solid-state 1mage taking device capable of
sufliciently eliminating noise components such as smear
noise components.

A solid-state 1mage taking device according to a first
mode of the present invention employs a pixel section and
a scan driving section. The pixel section includes a plurality
of unit pixels laid out to form a pixel matrix and to serve as
unit pixels which have read sections and are each provided
with a pixel opening prescribed by an optical-path limiting,
section created on a semiconductor substrate and with an
opto-electric conversion section as well as an electric-charge
holding section. On the other hand, the scan driving section
controls an operation to transier electric charge from the
opto-electric conversion section to the electric-charge hold-
ing section at the same time for the unit pixels in a pixel area
determined 1n advance 1n the pixel matrix. The scan driving
section also scans and drives the read sections 1n one scan
direction.

On each pixel column included 1n the pixel area deter-
mined 1n advance to serve as a pixel column having the unit
pixels laid out in the scan direction, the opto-electric con-
version section and the electric-charge holding section are
laid out alternately and repeatedly.

In addition, on each of the pixel columns 1n the pixel area
determined 1n advance, two aforementioned electric-charge
holding sections of two adjacent ones of the unit pixels are
laid out disproportionately toward one side of the scan
direction with respect to the optical-path limiting section or
the opto-electric conversion section.

In accordance with the configuration described above, the
scan driving section scans the read sections of all the unit
pixels 1 a scan direction of the pixel column during a scan
operation and drives the read sections. In this scan operation,
clectric charge generated i1n the opto-electric conversion
section 1s transierred to the electric-charge holding section at
the same time for all the pixel umts. The scan operation 1s
started with a pixel row at one end of the scan direction and
carried out toward a pixel row at the other end of the scan
direction sequentially on a one-row-after-another basis.

In every unit pixel, on the scan-start side of the scan
direction of the scan operation, the opto-electric conversion
section of the unit pixel or the electric-charge holding
section of the unit pixel 1s placed whereas, on the scan-end
side of the scan direction of the scan operation, the electric-
charge holding section of the unit pixel or the opto-electric
conversion section of the unit pixel is placed. For example,
on the scan-start side of the scan direction of the scan
operation, the electric-charge holding section of the unit
pixel 1s placed whereas, on the scan-end side of the scan
direction of the scan operation, the opto-electric conversion
section of the unit pixel 1s placed. In addition, two afore-
mentioned electric-charge holding sections are laid out
disproportionately toward one side of the scan direction with
respect to the optical-path limiting section or the opto-
clectric conversion section. For example, in comparison
with the distance between the opto-electric conversion sec-
tion of a certain unit pixel and the electric-charge holding
section of the same unit pixel located on the scan start side,
the distance between the opto-electric conversion section of
the umt pixel and the opto-electric conversion section of
another unit pixel located on the scan end side 1s set at a
large value.

Thus, 1n a unit pixel placed on the scan end side of a pixel
column oriented in the scan direction as a unit pixel includ-
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ing an electric-charge holding section with a long electric-
charge holding period, the magnitude of a light component
entering from a side at a short distance 1s greater than the
magnitude of a light component entering from a side at a
long distance. This 1s because, when the solid-state 1mage
taking device 1s being used, 1n the optical lens, there are
generally a number of light components dispersed from the
optical axis of the optical lens to the outer side. Thus, 1n the
pixel section, the number of light components most inclined
on the scan start row and the scan end row generally
increases in comparison with the total quantity of incident
light. Accordingly, the quantity of light causing noises in the
clectric-charge holding section decreases due to inclined
leak light and, the closer the location of the unmit pixel to the
scan end side, the larger the decrease, so that the number of
smear components 1s reduced.

This relation 1s reversed on the scan start side with
relatively short electric-charge accumulation periods. Thus,
more leak light hits the electric-charge holding section.
Since the electric-charge accumulation period 1s short from
the beginning, however, an abrupt increase in smear-com-

ponent count (that 1s, an abrupt increase 1n noise count) 1s
not observed.

As a result, 1n accordance with the pixel internal layout
structure proposed by the present invention, by virtue of the
clectric-charge accumulation period and the reversed rela-
tion, the quantity of leak light 1s adjusted so that, as a whole,
the number of noise components 1s reduced uniformly to a
low level.

A solid-state 1mage taking device according to a second
mode of the present invention 1s different from the solid-
state 1image taking device according to the first mode of the
present invention 1n that, in the case of the solid-state image
taking device according to the second mode of the present
invention, i every unit pixel of the pixel matnix, the
clectric-charge holding section 1s placed on the start side of
the scan direction whereas the opto-electric conversion
section 1s placed on the end side of the scan direction.

An electronic apparatus according to a third mode of the
present invention icludes an optical system employing the
solid-state 1mage taking device according to the first mode
of the present invention.

In particular, a small or thin electronic apparatus in which
light incident to the solid-state image taking device includes
a number of inclined components has a big merit of being
capable of eliminating noises by wvirtue of the distance
prescriptions described above.

In accordance with the present invention, there 1s pro-
vided a solid-state 1mage taking device capable of making
noise components such as smear noise components, which
have an effect on accumulated opto-electric charge, uniform
throughout the layout surface of all unit pixels and also
capable of sufliciently eliminating the noise components. In
addition, also 1n accordance with the present invention, there
are provided electronic apparatus each employing a solid-
state 1mage taking device capable of sufliciently eliminating
noise components such as smear noise components.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing the configuration of a unit
pixel employed 1n a CMOS 1mage sensor according to an
existing technology;

FIG. 2 1s a diagram showing the configuration of a unit
pixel including a memory section in accordance with an
existing technology;
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FIG. 3 1s a correlation diagram showing a relation
between the number of a scanned pixel row and the noise
quantity per unit time;

FIG. 4 1s a correlation diagram showing a relation
between the number of a scanned pixel row and the noise
quantity of the noise actually accumulated during an elec-
tric-charge holding period;

FIG. 5 1s a correlation diagram showing a relation
between the number of a scanned pixel row and a normal-
ized noise quantity of the noise accumulated during an
clectric-charge holding period;

FIG. 6 1s an image diagram for a case in which a lens
group converges incident light toward a pixel array;

FIG. 7 1s a model diagram showing how the lens group
converges 1ncident light toward the pixel array represented
by 1ts cross sections spread in the H (horizontal) and V
(vertical) directions;

FIG. 8 1s a correlation diagram showing the relation
shown 1n FIG. 3 and another relation obtained by re-plotting
the relation of FIG. 3 by taking the incidence angle of light
into consideration;

FIG. 9 1s a correlation diagram showing the relation
shown 1n FIG. 4 and another relation obtained by re-plotting
the relation of FIG. 4 by taking the incidence angle of light
into consideration:

FIG. 10 1s a diagram showing the system configuration of
a CMOS 1mage sensor according to an embodiment;

FIGS. 11 A and 11B are a plurality of top-view diagrams
showing the configuration of a unmit pixel according to a first
embodiment;

FI1G. 12 1s a cross-sectional diagram showing the structure
of the unit pixel according to the first embodiment;

FIG. 13 1s a top-view diagram showing the basic con-
figuration of a pixel array according to the first embodiment;

FIG. 14 1s a top-view diagram showing a layout of field
shielding films for shielding the basic configuration of the
pixel array 11 shown 1n FIG. 13 against light and a layout of
PD openings;

FIG. 15 15 a top-view diagram showing the pixel array
shown 1n FIG. 13 and a variety of signal lines;

FIG. 16 1s a top-view diagram showing the basic con-
figuration of the pixel array for three scanned pixel rows;

FIG. 17 1s a cross-sectional diagram showing a structure
along a line A-B shown 1n FIG. 16;

FIG. 18 1s a correlation diagram showing the relations
shown 1n FIG. 8 and a relation between the number of a
scanned pixel row and the noise quantity per unit time for
the first embodiment;

FIG. 19 1s a correlation diagram showing the relations
shown 1n FIG. 9 and another relation between the number of
a scanned pixel row and the actually accumulated noise
quantity for the first embodiment;

FIG. 20 1s a pixel-structure cross-sectional diagram to be
referred to 1n description of a method for prescribing dis-
tances 1n accordance with a second embodiment;

FIG. 21 1s a pixel-structure cross-sectional diagram to be
referred to 1n description of a method for prescribing dis-
tances 1n accordance with a third embodiment;

FI1G. 22 15 a top-view diagram showing the configuration
of a unit pixel according to a fourth embodiment;

FIG. 23 1s a top-view diagram showing the basic con-
figuration of a pixel array according to the fourth embodi-
ment;

FI1G. 24 1s a top-view diagram showing a layout of field
shielding films for shielding the basic configuration of the
pixel array shown 1n FIG. 23 against light and a layout of PD
openings;
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FIG. 25 1s a top-view diagram showing the basic con-
figuration of the pixel array for three scanned pixel rows;

FIG. 26 1s a pixel-structure cross-sectional diagram to be
referred to in description of a method for prescribing dis-
tances 1n accordance with the fourth embodiment:

FIG. 27 1s a top-view diagram showing the configuration
ol a pixel according to a fifth embodiment;

FIG. 28 1s a top-view diagram showing the basic con-
figuration of a pixel array according to the fifth embodiment;

FIG. 29 15 a top-view diagram showing a layout of field
shielding films for shielding the basic configuration of the
pixel array shown 1n FI1G. 28 against light and a layout of PD
openings;

FIG. 30 1s a top-view diagram showing the basic con-
figuration of the pixel array for three scanned pixel rows;

FIG. 31 1s a pixel-structure cross-sectional diagram to be
referred to in description of a method for prescribing dis-
tances 1 accordance with the fiftth embodiment;

FIG. 32 1s a top-view diagram showing a layout of field
shielding films for shielding the basic configuration of a
pixel array according to a sixth . embodiment against light
and a layout of PD openings;

FIG. 33 1s a top-view diagram showing the basic con-
figuration of a pixel array according to a seventh embodi-
ment,

FIG. 34 1s a diagram showing the basic configuration of
two pixel arrays according to an eighth embodiment;

FIG. 35 1s an enlarged diagram obtained by enlarging a
portion of the basic configuration shown 1n FIG. 34;

FIGS. 36A to 36G are a plurality of model diagrams to be
referred to in description of electric-charge exhausting,
global-exposure, electric-charge accumulation, read and
clectric-charge transier operations carried out by a unit pixel
employing a memory section;

FIG. 37 1s a block diagram showing a first typical modi-
fied system:;

FIG. 38 1s a block diagram showing a second typical
modified system; and

FIG. 39 1s a block diagram showing a typical configura-
tion of an electronic apparatus such as an i1mage taking
apparatus to which the embodiments of the present invention
are applied.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

With the CMOS 1mage sensor taken as an example,
embodiments of the present mvention are explained by
referring to diagrams 1n chapters arranged as follows.

1: First Embodiment

In the first embodiment, the shifts of electric-charge
holding sections on the two scan-direction sides of an
opto-electric conversion section from the opto-electric con-
version section are expressed in terms of the magnitudes of
distances between the electric-charge holding sections and
the opto-electric conversion section.

2: Second Embodiment

In the second embodiment, the shifts of electric-charge
holding sections on the two scan-direction sides ol an
incident light path limiting section from the incident light
path limiting section are expressed in terms of the magni-
tudes of distances between the electric-charge holding sec-
tions and the light shielding edges of the incident light path
limiting section.

3: Third Embodiment

In the third embodiment, the shifts of electric-charge

holding sections on the two scan-direction sides of an
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incident light path limiting section from the incident light
path limiting section are expressed 1n terms of the magni-
tudes of distances between the electric-charge holding sec-
tions and the wire-layer edges of the incident light path
limiting section.

4: Fourth E

Embodiment

The fourth embodiment implements a pixel internal lay-
out 1n which a pixel transistor area serving as a read section
1s provided between a memory section and an opto-electric
conversion section.
5: Fitth Embodiment

The fifth embodiment implements a pixel internal layout
in which no memory section 1s used and an floating diffusion
capacitor FD functions as an electric-charge holding section.
6: Sixth Embodiment

The sixth embodiment implements a pixel internal layout
in which a light shielding section 1s also capable of serving
as a wire.
7: Seventh Embodiment

The seventh embodiment implements a pixel internal
layout 1n which a gate electrode driven by a pixel driving

line 1s shared by two unit pixels.
8: Fighth E

Embodiment

In the eighth embodiment, the pixel array 1s split into two
portions and a typical scan operation 1s carried out on the
portions.

9: Read Method Common to the Embodiments

10: Modified System Configurations

11: Other Modified Versions

12: Typical Applications (Embodiments of
ratus)

13: Effects of the Embodiments (Conclusion)
1: First Embodiment

A first embodiment has been proposed on the basis of
results of paying attention to the fact that unevenness of
smear components 1s seen in the scan direction and deter-
mimng causes of the unevenness. The first embodiment of
the present mvention 1s an embodiment implementing an
internal layout structure adopted by a unit pixel to serve as
a structure capable of reducing smear components uniformly
and sufliciently throughout all unit pixels.

First of all, the following description explains the results
ol determining the causes of the unevenness seen 1n the scan
direction as the unevenness of smear components. Then, as
a typical application of the present mnvention, the following
description explains a CMOS 1mage sensor including coun-
termeasures taken by the first embodiment 1n the form of the
internal layout structure of the umt pixel.

Noise Unevenness in the Scan Direction

A global shutter driving operation 1s carried out 1n a pixel
structure including an opto-electric conversion section PD
and an electric-charge holding section which can be a
memory section MEM or a floating diffusion capacitor FD.
In this case, 1f a signal read operation 1s carried out after a
reset operation in accordance with the existing technologies
disclosed 1n Patent Documents 1 and 4 to 6 explained earlier,
the noise per unit pixel can be reduced to a value lower than
those of the existing structures according to the existing
technologies.

If the entire pixel array i1s seen, however, a phenomenon
has been observed from results of analyses of noises. Obser-
vation of this phenomenon has led to a finding that, the
larger the order number of a pixel row being scanned,
selected and subjected to a read operation by a vertical
driving section, undesirably, the larger the noise quantity.
This phenomenon 1s further explained by referring to FIGS.

1 and 2 as follows.

Electronic Appa-
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In the global shutter driving operation, the transier gate
transistor 102 1s turned on at the same time for all unit pixels
in order to transier opto-electric charge from the photodiode
101 serving as the opto-electric conversion section PD to the
clectric-charge holding section by way of the transfer gate
transistor 102. In the case of the unit pixel 100 shown 1n FIG.
1, the electric-charge holding section 1s the floating diffusion
capacitor FD whereas, in the case of the unit pixel 300
shown 1n FIG. 2, the electric-charge holding section 1s the
memory section 107. After this electric-charge transier
operation, the vertical driving section scans pixel rows 1n the
scan direction and selects one of the pixel rows on a
one-row-after-another basis 1n order to output opto-electric
charge from the electric-charge holding sections of the
selected pixel row.

In the case of a typical pixel array having 1,000 pixel rows
for example, the electric-charge holding period of unit pixels
on the 1,000th pixel row selected last 1s about 1,000 times
the electric-charge holding period of unit pixels on the 1st
pixel row selected first.

FIGS. 3 to 5 are each a correlation diagram showing a
relation between the numbers assigned to a scanned pixel
row also referred to hereafter simply as a pixel row and a
noise quantity. For the sake of simplicity, the relation shown
in each of these correlation diagrams 1s drawn on the
assumption that light 1s radiated to all unit pixels uniformly.

The X axis of each of FIGS. 3 to 5 represents a number
assigned to a scanned pixel row which 1s a pixel row
subjected to a scan operation. In this case, the pixel array has
1,000 pixel rows. That 1s to say, the pixel row provided with
a row number of 1 1s the pixel row scanned first whereas the
pixel row provided with a row number of 1,000 1s the pixel
row scanned last.

Since 1t 1s assumed that light 1s radiated to all unit pixels
uniformly, the noise quantity per unit time such as 1 second
1s a constant not dependent on the number of the pixel row
as shown 1n FIG. 3. In the case of the relation shown 1n this
figure, the constant 1s set at 5 (without a unit).

If the frame rate 1s assumed to be 60 Ips, the pixel row
scanned last has an electric-charge holding period of 1/60
seconds. In this case, the diflerence 1n electric-charge hold-
ing period between a pixel row provided with a row number
of 1 and a pixel row provided with a row number of (1+1)
where 1 1s an integer in the range 1 to 999 1s 1/60/1000
seconds. In addition, the electric-charge holding period of a
pixel row provided with a row number of 1 15 1/60/1000x1
seconds.

As 1s obvious from the above description, the noise
quantity of the noise accumulated during the electric-charge
holding period of a pixel row 1s a product obtained as a result
of multiplying the noise quantity per unit time by the
clectric-charge holding period. As described above, the
noise quantity per unit time 1s a constant set at 5/second.
Thus, the noise quantity of the noise accumulated during the
clectric-charge holding period of a pixel row increases
linearly with the number of the pixel row as shown 1n FIG.
4. That 1s to say, the noise quantity of the noise accumulated
during the electric-charge holding period of a pixel row 1s
proportional to the number of the pixel row or, the later the
time at which a pixel row 1s scanned, the larger the noise
quantity.

FIG. 5§ 1s a correlation diagram showing a relation
between the number of a scanned pixel row and a normal-
ized noise quantity of the noise accumulated during an
clectric-charge holding period. The normalized noise quan-
tity 1s obtained as a result of normalizing the noise quantity
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shown 1in FIG. 4 by dividing the noise quantity shown 1n
FIG. 4 by the noise quantity of the pixel row scanned first.

As shown 1n FIG. 5, the noise quantity of a pixel row
provided with a row number 011 1s 1 times the noise quantity
of a pixel row provided with a row number of 1 where 1 1s
an integer 1n the range 1 to 1imax which 1s 1,000. That 1s to
say, on the assumption that light 1s radiated to all unit pixels
at the same level, the quantity of the noise accumulated 1n
the electric-charge holding section of each unit pixel on a
pixel row scanned last 1s 1,000 times the quantity of the
noise accumulated in the electric-charge holding section of
cach unit pixel on a pixel row scanned first.

The relations shown 1n FIGS. 3 to 5 are obtained on the
assumption that light 1s radiated to all unit pixels uniformly
so that the noise quantity per unit time such as 1 second 1s
a constant not dependent on the number assigned to the pixel
row. In the case of an actual pixel array, however, depending
on the position (or the field angle) of the pixel row 1n the
pixel array, the noise quantity per unit time varies.

Next, the field angle cited above and an incidence angle
are explained.

FIG. 6 1s an image diagram for a case in which a lens
group converges mcident light toward a pixel array. In FIG.
6, reference numeral 11 denotes the pixel array whereas
reference numeral 12 denotes a vertical driving section.
Reference numerals 13, 14 and 19 denote a column pro-
cessing section, a horizontal driving section and a data
storage section respectively. Reference numeral 51 denotes
the lens group employed 1n a camera section included 1n an
clectronic apparatus having the CMOS 1mage sensor.

As shown 1n FIG. 6, unit pixels are laid out on the pixel
array 11 in the H (horizontal) and V (vertical) directions. In
general, the V-direction size of the pixel array 11 1s smaller
than the H-direction size thereof. The ratio of the V-direction
s1ze ol the pixel array 11 to the H-direction size thereof 1s
referred to as the aspect ratio of the displayed image. A main
reason why the V-direction size of the pixel array 11 1s made
smaller than the H-direction size thereof 1s that a small
vertically driven pixel-row count 1s advantageous to
improvement of the frame rate.

FIG. 7 1s a model diagram showing how the lens group 51
converges incident light toward the pixel array 11 repre-
sented by 1ts cross sections spread in the H (horizontal) and
V (vertical) directions.

As shown 1n FIG. 7, the V-direction size of the pixel array
11 1s smaller than the H-direction size thereof. Thus, the
tollowing relation holds true: h>v. In this relation, reference
symbol h denotes the icidence angle on each H-direction
edge of the pixel array 11 whereas reference symbol v
denotes the imncidence angle on each V-direction edge of the
pixel array 11. It 1s to be noted that the incidence angle v on
cach V-direction edge of the pixel array 11 and the incidence
angle h on each H-direction edge of the pixel array 11 can
be expressed by the following equations as follows:

Incidence angle v=tan((}/2)/D)

Incidence angle A=tan((H/2)/1))

In the above equations, reference symbol V denotes the
V-direction size of the pixel array 11 whereas reference
symbol H denotes the H-direction size of the pixel array 11.
On the other hand, reference symbol D denotes the distance
between the focal point of the lens group 51 and the pixel
array 11.

The row scan direction (also referred to simply the scan
direction) cited before i1s the V direction mentioned above.
Normally, the start pixel row 1s positioned on a V-direction
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edge of the pixel array 11. An operation to scan pixel rows
on the pixel array 11 1s begun at the start pixel row 1n the V
direction toward the center pixel row. The operation to scan
pixel rows on the pixel array 11 1s carried out sequentially
on a one-row-after-another basis. The operation to scan pixel
rows on the pixel array 11 1s terminated at the end pixel row
which 1s positioned on a V-direction edge of the pixel array
11. Thus, the farther the scanned pixel row from the center
pixel row, the larger the incidence angle. In other words, the
closer the scanned pixel row to the start or end pixel row, the
larger the incidence angle. That i1s to say, due to these
differences 1n incidence angle, the quantity of light incident
to the opto-electric conversion section 1n the periphery of the
pixel array 11 1s small 1n comparison with the quantity of
light incident to the opto-electric conversion section at the
center of the pixel array 11. Thus, the optical sensitivities of
unit pixels in the periphery of the pixel array 11 decrease but
the noise quantities of umt pixels 1 the periphery of the
pixel array 11 increase as described as follows.

The noise quantity of a unit pixel 1n the periphery of the
pixel array 11 increases mainly because of a first reason
described as follows. The incidence angle of light hitting the
unit pixel 1n the periphery of the pixel array 11 1s large. At
a large incidence angle, the light directly hits the electric-
charge holding section shielded against light and 1s sub-
jected to an opto-electric conversion process 1n the electric-
charge holding section. Thus, the amount of electric charge
generated 1n the opto-electric conversion process also rises
as well. The noise quantity of a unit pixel 1in the periphery
of the pixel array 11 increases also because of a second
reason described as follows. The number of components
obtained as a result of the opto-electric conversion process
carried out outside the opto-electric conversion section
increases, raising the probability that electric charge
obtained as a result of the opto-electric conversion process
1s diffused from the location of the opto-electric conversion
process to the electric-charge holding section.

FIG. 8 1s a correlation diagram showing the relation
shown 1n FIG. 3 and another relation obtained by re-plotting
the relation shown in FIG. 3 by taking the incidence angle
of light 1into consideration whereas FIG. 9 1s a correlation
diagram showing the relation shown in FIG. 4 and another
relation obtained by re-plotting the relation shown in FIG. 4
by taking the incidence angle of light into consideration. In
cach of FIGS. 8 and 9, the relation obtained by not taking the
incidence angle of light into consideration 1s shown as a plot
A whereas the relation obtained by taking the incidence
angle of light into consideration 1s shown as a plot B. In each
of FIGS. 8 and 9, the plot B 15 superposed on the plot A.

Much like FIGS. 3 to 5, the X axes of FIGS. 8 and 9
represent a number assigned to the pixel row. The Y axis of
FIG. 8 represents the noise quantity per unit time which 1s
1 second 1n this case. The incidence angle for the 500th pixel
row serving as the center pixel row of the 1,000 pixel rows
arranged 1n the V direction 1s O degrees. Thus, the noise
quantity on the 500th pixel row 1s smallest, being set at 1. As
the number assigned to the pixel row decreases or increases
toward the numbers assigned to pixel rows 1n the periphery
of the pixel array 11, the noise quantity rises in accordance
with a quadratic curve to reach the largest value at the 1st
pixel row serving as the start pixel row and the 1,000th pixel
row serving as the end pixel row.

In general, the noise quantity per unit time on the center
pixel line differs from that on a peripheral pixel line by at
least one order of magnitude. Thus, since the noise quantity
per unit time on the center pixel row 1s set at 1, the noise
quantity per unit time on a peripheral pixel row can be
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assumed to have a value of 10. It 1s to be noted that, as a
matter of course, due to the structure of the unit pixel and/or
the optical structure of the lens group 51 included in the
configurations shown in FIGS. 6 and 7, there 1s a good
chance that the noise quantity per unit time on the start pixel 5
row 1s different from that on the end pixel row. In addition,
there 1s also a good chance that the noise quantity per umit
time on the center pixel row 1s not smallest.

It 1s to be noted that, 1n the relations shown 1n FIG. 8, the
noise quantity per unit time for the plot A has a value of 5 10
which 1s approximately the average of the largest noise
quantity of 10 per unit time and the smallest noise quantity
ol one per unit time for the plot B.

The plot B shown in FIG. 8 represents a relation between
the noise quantity per unit time of 1 second and the number 15
assigned to the pixel row whereas the plot B shown 1n FIG.

9 represents a relation between the quantity of the noise
actually accumulated during the electric-charge holding
period of a pixel row and the number assigned to the pixel
row. The plot B shown FIG. 9 1s obtained from the plot B 20
shown 1n FIG. 8.

As shown by the plot B of FIG. 8, 1n the early part of the
row scan operation, the noise quantity per unit time 1s large.

In the early part of the row scan operation, however, the
clectric-charge holding period 1s short. Thus, 1n the early 25
part of the row scan operation, the quantity of the noise
actually accumulated during the electric-charge holding
period 1s not so large as shown by the plot B of FIG. 9.

In the middle part of the row scan operation, the noise
quantity per unit time 1s small as shown by the plot B of FIG. 30
8 even though the electric-charge holding period becomes
relatively longer. Nevertheless, in the middle part of the row
scan operation, the quantity of the noise actually accumu-
lated during the electric-charge holding period 1s still not so
large as shown by the plot B of FIG. 9. 35

A problem 1s raised in the later part of the row scan
operation as follows. In the later part of the row scan
operation, the noise quantity per unit time 1s again large as
shown by the plot B of FIG. 8 and, in addition, the
clectric-charge holding period becomes longer. Thus, 1n the 40
later part of the row scan operation, the quantity of the noise
actually accumulated during the electric-charge holding
period 1s undesirably very large as shown by the plot B of
FIG. 9.

As described above, 1n a unit pixel implementing a global 45
exposure operation by making use of the floating diffusion
capacitor FD as the electric-charge holding section as 1s the
case with the unit pixel 100 shown 1n FIG. 1 or making use
of the memory section 107 as the electric-charge holding
section as 1s the case with the unit pixel 300 shown 1n FIG. 50
2, 1t has been discovered that, during the period of holding
clectric charge 1n the floating diffusion capacitor FD or the
memory section 107, noise 1s cumulatively added undesir-
ably to the electric charge with the lapse of time. This noise
1s generated in accordance with the same principle as the 55
smear noise of the CCD sensor. In addition, 1t has also been
discovered a characteristic indicating that, as shown by the
plot B of FIG. 8, the quantity of the noise held in the
clectric-charge holding section per unit time on each of the
scan-direction start pixel row and scan-direction end pixel 60
row 1s large whereas the quantity of the noise held in the
clectric-charge holding section per unit time on a scan-
direction middle pixel row 1s smallest.

The noise includes mainly a noise of a first kind and a
noise of a second kind. The noise of the first kind 1s a noise 65
generated as a result of an opto-electric conversion process
carried out by the electric-charge holding section such as the
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tfloating diffusion capacitor FD or the memory section 107 to
convert light incident directly to the electric-charge holding
section. The noise of the second type 1s electric charge
originating from the opto-electric conversion section or a
source other than the opto-electric conversion section and
flowing undesirably to the electric-charge holding section 1n
a diflusion process.

System Configuration

FIG. 10 1s a diagram showing the system configuration of
a CMOS mmage sensor 10 serving as a solid-state image
taking device according to the first embodiment of the
present invention. This system configuration 1s also adopted
by embodiments other than the first embodiment.

As shown m FIG. 10, the CMOS image sensor 10
according to the embodiment of the present invention 1is
configured to employ a pixel array 11 created on a semi-
conductor substrate (or chip) not shown 1n the figure and a
peripheral circuit integrated on the same substrate as the
pixel array 11. The pernipheral circuit typically includes a
vertical driving section 12, a column processing section 13,
a horizontal driving section 14 and a system control section
15.

The CMOS 1mage sensor 10 1s further provided with a
signal processing section 18 and a data storage section 19.
The signal processing section 18 and the data storage section
19 can be implemented as an external signal processing
section created on a substrate other than the semiconductor
substrate of the CMOS mmage sensor 10. A typical example
of the external signal processing section 1s a DSP (Digital
Signal Processor). The external signal processing section
can also be implemented by carrying out processing based
on hardware and software for controlling the hardware
which 1s typically the hardware of a DSP or a CPU (Central
Processing Unit). The external signal processing section
normally employs memory means for implementing the data
storage section 19.

It 1s to be noted that the external signal processing section
can also be created on the same semiconductor substrate as
the CMOS 1mage sensor 10.

The pixel array 11 1s configured to mclude unit pixels laid
out 1n row and column directions to form a 2-dimensional
pixel matrix. In the following description, the unit pixel 1s
also referred to simply as a pixel in some cases. Each of the
unit pixels employs an opto-electric conversion element for
converting light incident to the element 1nto opto-electric
charge also referred to herealter as signal electric charge or
simply as electric charge in some cases. That 1s to say, the
opto-electric conversion element 1s an element for generat-
ing opto-electric charge having an amount proportional to
the quantity of the light incident to the element. The gen-
crated opto-electric charge 1s accumulated 1n the opto-
clectric conversion element.

The basic cross section (and the circuit configuration) of
this unit pixel can be made the same as those shown 1n FIG.
2 or can be partially modified as will be described later. The
shape of a planar pattern of the unit pixel will be described
later.

In the pixel array 11, a pixel dnving line 16 1s created 1n
the horizontal direction of the figure for every pixel row of
the pixel matrix which 1s a 2-dimensional array of umit
pixels. The horizontal direction 1s the row direction 1n which
every pixel row 1s oriented. In addition, a vertical signal line
17 1s created in the vertical direction of the figure for every
pixel column of the pixel matrix. The vertical direction 1s the
column direction 1n which every pixel column 1s oriented.
FIG. 10 shows only one pixel driving line 16 per pixel row.
In actuality, however, every pixel row 1s not necessarily
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provided with only one pixel driving line 16. That 1s to say,
every pixel row can also be provided with a plurality of pixel
driving lines 16. For example, as shown i FIG. 2, every
pixel row 1s provided with two pixel driving lines 16, 1.¢., a
reset line for supplying a reset pulse RST to the gate
clectrode of the reset transistor 104 and a select line for
supplying a select pulse SEL to the gate electrode of the
select transistor 106. In this invention specification, the
select line 1s also referred to as a scan line.

One end of the pixel driving line 16 1s connected to an
output terminal of the vertical driving section 12. The output
terminal of the vertical driving section 12 1s associated with
a pixel row for which the pixel dnving line 16 1s provided.

The vertical driving section 12 1s configured to include
components such an address decoder and a shift register. The
vertical driving section 12 1s a pixel dniving section for
driving the unit pixels of the pixel array 11 at the same time
in certain units each of which can be typically a pixel area
determined in advance or a pixel row. In the case of this
embodiment, the vertical driving section 12 drnives all the
unit pixels of the pixel array 11 at the same time.

A concrete configuration of the vertical driving section 12
1s not shown 1n the figure. In general, however, the vertical
driving section 12 1s configured to include two scan systems,
1.€., a read scan system and a sweep scan system. Fach of the
read scan system and the sweep scan system 1s a circuit for
individually driving the scan lines of the pixel rows on a
one-row-alter-another basis. A typical example of the scan
line 1s the select line for supplying a select pulse SEL to the
gate electrode of the select transistor 106 as shown 1n FIG.

2.

In order to read out signals from unit pixels 1n the pixel
array 11, the read scan system sequentially scans and selects
the unit pixels 1 row units 1 a read scan operation. The
sweep scan system carries out a sweep scan operation on a
pixel row to be subjected to a read scan operation carried out
by the read scan system. The sweep scan operation leads
ahead of the read scan operation by a time the length of
which 1s determined by the speed of a shutter. The read scan
operation 1s carried out by the read scan system synchro-
nously with the sweep scan operation carried out by the
sweep scan system 1n accordance with control based on a
clock signal.

The sweep scan operation carried out by the sweep scan
system sweeps (or resets) unnecessary electric charge from
an opto-electric conversion element employed 1n a unit pixel
being subjected to the sweep scan operation, resetting the
opto-electric conversion element.

The sweep scan system sweeps (or resets) unnecessary
clectric charge 1n order to carry out the so-called electronic
shutter operation. The electronic shutter operation 1s an
operation to discard opto-electric charge of the opto-electric
conversion element such as the photodiode 101 employed 1n
the unit pixel 300 shown in FIG. 2 and newly start an
exposure operation, that 1s, newly start an operation to
accumulate opto-electric charge.

As 1s obvious from the above description, 1n the case of
the unit pixel 300 shown in FIG. 2 for example, the reset
transistor 104 1s driven by the sweep scan system.

A signal read out from an opto-electric conversion ele-
ment employed 1n a unit pixel 1n a read operation carried out
by the read scan system has a magnitude determined by the
quantity of incident light hitting the opto-electric conversion
clement during the immediately preceding read operation or
hitting the opto-electric conversion element since the elec-
tronic shutter operation. In the case of the unit pixel 300
shown 1 FIG. 2 for example, the select transistor 106 1s
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driven by the read scan system. A period between the read
timing of the immediately preceding read operation or the
sweep timing of the electronic shutter operation and the read
timing of the present read operation 1s referred to as the
period of accumulation of opto-electric charge 1n the umt
pixel. In the following description, the period of accumula-
tion of opto-electric charge i1s referred to as an exposure
period.

Signals read out from unit pixels on a pixel row selected
and scanned by the vertical driving section 12 are supplied
to the column processing section 13 for each pixel column
through the vertical signal line 17 corresponding to the
vertical signal line 200 connected to the unit pixel 300 as
shown 1 FIG. 2.

The column processing section 13 carries out signal
processing determined 1n advance on signals output by unit
pixels on the selected pixel row of the pixel array 11 through
the vertical signal lines 17 for every pixel column and stores
signals obtained as a result of the signal processing tempo-
rarily 1n an internal memory.

To put it concretely, the signal processing carried out by
the column processing section 13 includes at least noise
climination processing such as CDS (Correlated Double
Sampling) processing. By carrying out the CDS processing,
the column processing section 13 1s capable of eliminating
reset noises and fixed pattern noises caused by, among
others, varniations of the threshold voltage of the amplifica-
tion transistor 105 as noises inherent 1n the unit pixel. In
addition to the function to eliminate such noises, the column
processing section 13 1s also provided with typically an AD
(analog-to-digital ) conversion function to convert the analog
input signal mto an output digital signal.

The horizontal driving section 14 i1s also configured to
include components such an address decoder and a shait
register. The horizontal driving section 14 sequentially
selects unit circuits each employed in the column processing
section 13 as a circuit corresponding to a pixel column. The
horizontal driving section 14 selects and scans the umit
circuits 1n order to sequentially supply a signal completing
the signal processing carried out by the column processing
section 13 for every unit circuit to the signal processing
section 18.

It 1s to be noted that the shift register employed in the
horizontal dniving section 14 may be configured to allow
conversion scan processing to convert mput parallel pixel
data representing signal electric charge into output serial
pixel data or into an output consisting of bits the number of
which 1s determined 1n advance. In this case, an AD con-
verter may be connected to the output terminal of the shift
register.

The system control section 15 1s configured to nclude a
timing generator for generating a variety of timing signals.
The system control section 15 controls operations to drive
sections such as the vertical driving section 12, the column
processing section 13 and the horizontal driving section 14
on the basis of the timing signals generated by the timing
generator.

The signal processing section 18 has at least an addition
processing function to be executed for carrying out various
kinds of signal processing including addition processing on
a pixel signal output by the column processing section 13. A
purpose of the addition processing 1s elimination of random
noises caused by an averaging process. Another purpose of
the addition processing 1s addition.

The data storage section 19 1s used for temporarily storing,
data required 1n the signal processing carried out by the
signal processing section 18. The signal processing may not
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require data to be stored temporarily in a memory 1n some
cases. In such cases, the data storage section 19 can be
omitted.

Pixel Structures and Layouts

The structures of the unit pixel and the layouts thereof are
explained by referring to FIGS. 11A to 17.

FIG. 11 A 1s a top-view diagram showing a structure of the
unit pixel. FIG. 12 1s a cross-sectional diagram showing the
cross section of the pixel unit along a line A-B shown 1n FIG.
11B. FIGS. 11A and 11B show the same top-view pattern. In
the following description, FIG. 11A showing a variety of
reference numerals and reference symbols 1s referred to.

First of all, a cross-sectional structure of the unit pixel 1s
explained by referring to FIG. 12.

Much like the unit pixel 300 shown 1n FIG. 2, the unit
pixel PIXA shown in FIG. 12 1s typically constructed in the
P-type well layer 112 created on the N-type semiconductor
substrate 111. In the case of this embodiment, the semicon-
ductor substrate 111 1s a silicon substrate.

Much like the unit pixel 300 shown i FIG. 2, in the
P-type well layer 112, an opto-electric conversion section
PD 1is created. The opto-electric conversion section PD has
a P+-type hole accumulation layer 113 on the surface side of
the P-type well layer 112 and the N-type embedded layer 114
on the mner side of the P-type well layer 112. The P+-type
hole accumulation layer 113 corresponds to the P-type layer
113 employed 1n the unit pixel 300 shown m FIG. 2. On one
side of the opto-electric conversion section PD, a first
transier gate transistor and a second transfer gate transistor
are created, being connected to each other in series. The first
transier gate transistor has a circuit function equivalent to
that of the transfer gate transistor 108 employed in the unit
pixel 300 shown 1n FIG. 2 whereas the second transier gate
transistor has a circuit function equivalent to that of the
transier gate transistor 102 employed 1n the unit pixel 300

shown 1n FIG. 2.

In the following description as well as FIGS. 11 A and 11B
and subsequent figures, reference symbol TRX denotes a
first transfer gate which 1s the gate electrode of the first
transfer gate transistor whereas reference symbol TRG
denotes a second transier gate which 1s the gate electrode of
the second transier gate transistor. In addition, reference
symbol TRX 1s also used for denoting a pulse signal applied
to the gate electrode of the first transfer gate transistor
whereas reference symbol TRG 1s also used for denoting a
pulse signal applied to the gate electrode of the second
transier gate transistor.

The first transfer gate TRX also denoted by reference
numeral 110X 1s placed to cover the surface of an area
separating a semiconductor area forming the opto-electric
conversion section PD and the N-type area 107a of the
memory section 107 also denoted by reference symbol
MEM from each other. As described earlier, the opto-electric
conversion section PD has the P+-type hole accumulation
layer 113 and the N-type embedded layer 114. In addition,
the first transier gate TRX also covers the surface of the
N-type area 107a 1itself. A gate insulation film 109X 1s
provided between the first transifer gate TRX and these
covered surfaces which are a part of the surface of the P-type
well layer 112 created on the semiconductor substrate 111.

The impurity profile of the memory section MEM 1n the
substrate depth direction has the face of a junction between
the memory section MEM and the P-type well layer 112
created on the semiconductor substrate 111 at a position
which 1s shallow 1n comparison with the face of a junction
between the opto-electric conversion section PD and the
P-type well layer 112. In the following description, the
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position at which the face of the junction 1s placed is referred
to simply as a junction position.

The opto-electric conversion section PD employed 1n the
CMOS 1mage sensor receives light having a variety of large
wavelengths 1n a range up to a small wavelength of 700 nm
in the red color region. Thus, the opto-electric conversion
section PD has to be an area which 1s sensitive to the depth
of about 3 um.

On the other hand, the memory section MEM 1s used for
climinating noises including the smear noises described
carlier as main components. Thus, it 1s nice to prevent light
incident to the opening of the opto-electric conversion
section PD 1n an inclined direction from directly hitting the
memory section MEM. To put 1t concretely, 1t 1s desirable to
have a narrowest possible face of the junction and a shal-
lowest possible junction position which satisty other char-
acteristics such as the amount of electric charge that can be
accumulated. Thus, the junction position of an N-type area
107a forming the memory section MEM 1s made shallow 1n
comparison with the junction position of the N-type areca 103
forming the opto-electric conversion section PD.

The second transter gate TRG also denoted by reference
numeral 110G 1s placed to cover the surface of an area
separating the N-type area 107a of the memory section 107
and the N-type area 103 serving as the floating diffusion
capacitor FD from each other. A gate insulation film 109G
1s provided between the second transier gate TRG and the
covered surface which 1s also a part of the surface of the
P-type well layer 112.

The N-type areca 103 serving as the floating diffusion
capacitor FD 1s created 1n an area included in the P-well
layer 112 as an area adjacent to the second transfer gate
TRG. In the same way as the unit pixel 300 shown in FIG.
2, the floating diffusion capacitor FD 1s typically connected
to a read section including the reset transistor 104, the
amplification transistor 105 and the select transistor 106.
The reader 1s advised to keep 1n mind that 1t 1s also possible
to provide a configuration 1n which the select transistor 106
1s placed between the line supplying the voltage Vdd and the
amplification transistor 105 to serve as a switch for con-
necting the amplification transistor 105 to the line or dis-
connecting the amplification transistor 105 from the line. It
1s also to be noted that this configuration can be adopted as
well i the unit pixel 300 shown 1n FIG. 2.

The unit pixel PIXA shown in FIG. 12 also includes an
clectric-charge exhausting drain ABD even though the elec-
tric-charge exhausting drain ABD 1s not an absolutely
required element.

The electric-charge exhausting drain ABD 1s an N+-type
area 115 created on the P-type well layer 112 separately from
the opto-electric conversion section PD. On a substrate area
between the opto-electric conversion section PD and the
clectric-charge exhausting drain ABD, an electric-charge
exhausting gate ABG 1s created, being separated from the
substrate area by a gate msulation film 109A.

Each of the opto-electric conversion section PD and the
memory section MEM 1s created at an impurity concentra-
tion causing a depletion state at an electric-charge exhaust-
ing time. On the other hand, each of the floating diffusion
capacitor FD and the electric-charge exhausting drain ABD
1s created at an 1mpurity concentration higher than the
impurity concentration causing the depletion state so as to
allow its wire contact to be connected electrically.

FIG. 13 15 a top-view diagram showing the basic con-
figuration of a pixel array section including unit pixels PIXA
laid out to form a matrix. This pixel array section 1s a part
of the pixel array 11 employed in the CMOS 1mage sensor
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10 shown i FIG. 10. The basic configuration of the pixel
array section includes 6 unit pixels PIXA each having the

pattern shown in FIGS. 11A and 11B.

As will be described later 1in detail, 1n this layout, a group
of unit pixels arranged horizontally in the row direction 1s
taken as one row unit used 1n the operation carried out by the
pixel driving line 16 to drive unit pixels.

In addition, the pixel array 11 according to the first
embodiment does not include a shared unit pixel. Thus, the
pixel array 11 has a structure capable of implementing a
global shutter driving operation to hold signal electric
charge 1n not only the memory section MEM but also the
floating diffusion capacitor FD.

FIG. 14 1s a top-view diagram showing a layout of field
shielding films 116 for shielding the basic configuration of
the pixel array 11 shown 1n FI1G. 13 against light and a layout
of PD openings 116A each provided for one of the light
shielding films 116. In order to simplity FIG. 14, the gate
electrodes shown 1in FIGS. 11A and 11B are omuitted and.,
thus, FIG. 14 shows the films 116 each including a PD
opening 116A, active areas and contact portions only. In
FIG. 14, a contact portion 1s a small portion provided at a
location outside of the PD opening 116A of the light
shielding film 116. The contact portion 1s shown as a black
rectangular portion which can be wvisualized from, for
example, a rectangular contact opening. The active area
having a contour with a size smaller than the unit pixel can
be seen from the light shielding film 116. The active area 1s
a portion having a pattern determined in advance in a
transistor area provided with the contact portion to serve as
a read section.

The light shielding film 116 1s created on the upper layer
of the gate electrode, sandwiching an insulation film
between the light shielding film 116 and the upper layer. The
light shielding film 116 1s created by patterning a film such
as an Al film or a film having a high melting point. Typical
examples of the film having a ligh melting point are a
tungsten film, a molybdenum film and a tantalum film.

In order to let light hit the opto-electric conversion section
PD, the light shielding film 116 has the PD opening 116 A

provided right above the opto-electric conversion section
PD.

The PD opening 116A by no means covers all the area of
the opto-electric conversion section PD. If the size of the PD
opening 116A 1s increased, the optical sensitivity of the
opto-electric conversion section PD 1s enhanced. However,
noise components (that 1s, electric charge other than signal
clectric charge) 1incident to electric-charge holding sections
also undesirably increase as well. In this case, the electric-
charge holding sections include the N-type area 107a of the
memory section 107 also referred to as the memory section
MEM and the N-type area 103 serving as the floating
diffusion capacitor FD.

Thus, normally, light shielding edges are determined in
order to assure suilicient light shuelding overlaps for shield-
ing the electric-charge holding sections against light. For
example, the size of the PD opening 116 A 1s made a little bat
smaller than those of the N-type embedded layer 114 and the
P-type layer 113 which together form the opto-electric
conversion section PD. Thus, the edge of the light shuelding
film 116 cover bump-side surfaces of the first transier gate
TRX and the electric-charge exhausting gate ABG. As a
result, 1t 1s possible to prevent inclined incident light from
propagating to locations close to the electric-charge holding,
sections such as the N-type area 107a. This technique of
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avoiding inclined incident light 1s applied in the same way
to a location at which a bump created by a gate electrode
exists.

In order to prevent the light shielding film 116 from being,
shortened to the contact portion, the light shielding film 116
1s separated away from the contact portion and the surround-
ings of the contact portion. FIG. 14 shows a contact opening
of only a contact portion on the active area in which
components such as the electric-charge exhausting drain
ABD and the floating diffusion capacitor FD are created. In
actuality, however, there 1s a contact portion also on every
gate electrode. It 1s thus necessary to provide a contact
opening for such a contact portion. The larger the size of a
contact portion and the larger the number of contact por-
tions, the larger the quantity of leak light and the larger the
number of noises.

FIG. 15 15 a top-view diagram showing the pixel array 11
shown 1n FIG. 13, vertical signal lines 17 and SEL driving
signal lines 16S which are each a pixel driving line 16.

The vertical signal line 17 1s created as a 1st-layer wire
(1MT) and connected to the output portions of SF (source
follower) circuits of unit pixels laid out i the column
direction to form a pixel column. In the case of the unit pixel
300 shown 1 FIG. 2, the output portion of an SF (source
tollower) circuit of the unit pixel 300 is the source pertaining
to the select transistor 106 to serve as an electrode on the
side opposite to the amplification transistor 103.

The SEL drniving signal lines 16S 1s created as a 2nd-layer
wire (ZMT) and connected to the gate electrodes, which
pertain to SEL transistors of unit pixels laid out 1n the row
direction to form a pixel row, through the 1MT and a contact
portion. In the case of the unit pixel 300 shown in FIG. 2,
this SEL transistor 1s the select transistor 106.

Let attention be paid to the SEL driving signal lines 16S
(1) provided for the 1th pixel row and the SEL driving signal
lines 16S (1+1) provided for the (1+1)th pixel row. In this
case, first of all, the SEL driving signal lines 16S (1) 1s driven
in order to output a signal from the 1th pixel row. Then, the
SEL driving signal lines 16S (1+1) i1s driven 1n order to
output a signal from the (1+1)th pixel row. The driving
direction from the SEL driving signal lines 16S (1) to the
SEL driving signal lines 16S (1+1) 1s referred to as the scan
direction which 1s the direction of the scan operations. On
the other hand, the order of the scan operations carried out
on the SEL driving signal lines 16S (1) and, then, the SEL
driving signal lines 16S (1+1) 1s referred to as the scan order.

FIG. 16 1s a top-view diagram showing the basic con-
figuration of the pixel array 111 for three scanned pixel rows
cach including light shielding films 116 and PD openings
116 A. In this case, the driving direction from the SEL
driving signal lines 16S (1-1) to the SEL driving signal lines
16S (1+1) through the SEL driving signal lines 16S (1) 1s
referred to as the scan direction which 1s the direction of the
scan operations. On the other hand, the order of the scan
operations carried out on the SEL driving signal lines 165
(1—1), then, the SEL driving signal lines 16S (1) and, then, the
SEL driving signal lines 16S (1+1) 1s referred to as the scan
order.

With regard to the scan direction, the relation between the
physical positions of the opto-electric conversion section PD
and the electric-charge holding section which are employed
in one unit pixel 1s defined as follows. The electric-charge
holding section 1s said to be on the scan-direction upper-
stream side of the opto-electric conversion section PD. The
scan-direction upstream side or the upstream side 1n the scan
direction 1s a side on which the scan operation 1s started. On
the other hand, the downstream side 1n the scan direction or
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the scan-direction downstream side to be described later 1s
a side on which the scan operation 1s ended.

In this case, the electric-charge holding section 1s the
N-type area 107a of the memory section MEM employed in
the unit pixel PIXA shown FIG. 12 or the N-type arca 103
of the floating diflusion capacitor FD employed 1n the same
unit pixel PIXA. As described earlier, the light shielding film
116 not shown 1n FIG. 12 covers the N-type area 107a of the
memory section MEM and the N-type area 103 of the
floating diffusion capacitor FD. On the other hand, most of
the opto-electric conversion section PD 1s open to incident
light coming through the PD opening 116A. Thus, in one
unit pixel included 1n the pixel array 11 shown in FIG. 16,
if the read section including 5 contact portions laid out
vertically 1s excluded, about lower-side half of the unit pixel
1s an area occupied by the opto-electric conversion section
PD and located on the scan-direction downstream side
defined above. In addition, the upper half of the unit pixel 1s
an area occupied by the electric-charge holding section and
located on the scan-direction upstream side defined above.

FIG. 17 1s a cross-sectional diagram showing a structure
along a line A-B shown in FIG. 16.

FIG. 17 shows a unit pixel on the 1th pixel row at the
center of the figure, a portion of a unit pixel on the (1-1)th
pixel row on the right side of the figure and a portion of a
unit pixel on the (1+1)th pixel row on the left side of the
figure. The umit pixels are separated and insulated electri-
cally from each other by an element separation layer pre-
scribing an active layer mentioned before. In the structure
shown 1n the figure, the element separation layer 1s a
LOCOS layer. However, it 1s possible to employ an element
separation layer of another type. Typical examples of the
clement separation layer of another type are the STI, EDI
and FLAT element separation layers.

The distance Dnl between the opto-electric conversion
section PD on the 1th pixel row and the memory section
MEM located on the same ith pixel row to serve as the
memory section MEM on the upstream side in the scan
direction 1s shorter than the distance Dsl between the same
opto-electric conversion section PD and the memory section
MEM located on the (1+1)th pixel row on the downstream
side 1n the scan direction. The distance Dnl 1s a distance
between an opto-electric conversion section PD and a
memory section MEM which are employed in the same unit
pixel. Thus, the distance Dnl means the length of a transier
of electric charge from the opto-electric conversion section
PD to the memory section MEM. On the other hand, the
distance Dsl 1s a distance between an opto-electric conver-
sion section PD on a specific pixel row and a memory
section MEM on a pixel row adjacent to the specific pixel
row. Thus, the distance Dsl means the width of a gap
separating pixel rows adjacent to each other. The reader 1s
advised to keep 1n mind that it 1s even more desirable to set
the distance Ds1 at a value at least twice the distance Dnl.

The relation between the distances Dsl and Dnl holds
true for the other photodiodes PD laid out in the column
direction.

At the scan-direction upstream end (that 1s, 1n the vicinity
of the scan start row) in such a structure, incident light
coming from a left upper source in FIG. 17 1s dominant. At
the scan-direction downstream end (that 1s, 1n the vicinity of
the scan end row) 1n the structure, on the other hand, incident
light coming from a rnight upper source in FIG. 17 1s
dominant. That 1s to say, at the scan-direction upstream end,
most of incident light entering the opening of the opto-
clectric conversion section PD employed in a unit pixel
propagates 1n a direction toward the memory section MEM
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of the same unit pixel. Conversely, at the scan-direction
downstream end, most of incident light entering the opening
of the opto-electric conversion section PD employed in a
specific unit pixel propagates in a direction toward the
memory section MEM of another unit pixel separated away

from the specific pixel in the scan-direction downstream
direction.

Each of FIGS. 18 and 19 shows relations between the
number of a scan row and the noise quantity for the first
embodiment.

Black circles composing a plot C shown in FIG. 18
represent a relation for a case 1n which the cross-sectional
configuration shown 1n FIG. 17 as a configuration according
to the present invention 1s applied in the column direction.
In addition, FIG. 18 also shows plots A and B shown 1n FIG.
8 for cases to which the present invention 1s not applied.

Much like FIG. 8, 1n FIG. 18, the horizontal axis repre-
sents the number assigned to the pixel row whereas the
vertical axis represents the noise quantity per unit time
which 1s 1 second 1n this case. Numbers are each assigned
to one of pixel rows which are arranged 1n the scan direction
also referred to as the column direction. A number assigned
to a pixel row can be considered as the Y address of umit
pixels placed on the pixel row.

In accordance with the present mvention, the unit pixel
has a structure in which, during the scan-operation first half
on the upstream side 1n the scan direction, most of incident
light entering the opening of the opto-electric conversion
section PD employed i the unit pixel propagates in a
direction toward the memory section MEM of the same unit
pixel. Thus, as shown by the plot C representing a relation
for the structure according to the present invention, during
the first half of the scan operation, the noise quantity per unit
time 1s large 1n comparison with the plot B provided for the
existing structure as a curve obtained by taking the incidence
angle of the incident light into consideration. For a number
of 0 assigned to the scan-start pixel row, the unit-time noise
quantity of the plot C 1s 20 which 1s two times the unit-time
noise quantity of 10 on the plot B. As described before, the
noise quantity per unit time does not have a unit since the
noise quantity per unit time 1s a relative value. As an
alternative, the noise quantity per umt time can have any
unit.

Conversely, during the scan-operation second half on the
downstream side in the scan direction, most of incident light
entering the opening of the opto-electric conversion section
PD employed 1n a specific unit pixel propagates 1n a direc-
tion toward the memory section MEM of another unit pixel
separated away from the specific pixel 1n the scan-direction
downstream direction. Let the distance Dsl have a large
value which 1s, for example, at least two times the distance
Dnl. In this case, as shown by the plot C, during the second
half of the scan operation, the noise quantity per unit time 1s
small and of course smaller than that of the plot B. For a
number of 1,000 assigned to the scan-end pixel row, the
unmt-time noise quantity of the plot C1s 0.5 which 1s half the
unit-time noise quantity of 1 on the plot C for a number of
500 assigned to the middle pixel row 1n the scan operation.
As described before, the noise quantity per unit time does
not have a unit since the noise quantity per unit time 1s a
relative value. As an alternative, the noise quantity per unit
time can have any unit.

It 1s to be noted that, for every pixel row 1n the vicinity of
the middle pixel row, the unit-time noise quantity indicated
by the plot B provided for the existing structure 1s about
equal to the unit-time noise quantity indicated by the plot C
provided for the structure according to the present invention.
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FIG. 19 shows three curves each representing a relation
between the pixel-row number and the actually accumulated
noise quantity. The three curves shown 1n FIG. 19 are found
from their respective counterpart curves shown in FIG. 18 as
curves each representing a relation between the pixel-row
number and the noise quantity per unit time which 1s 1
second 1n this case. To put it concretely, the actually accu-
mulated noise quantity 1s found by integrating the noise
quantity per unit time over the electric-charge holding
period.

As shown 1n FIG. 18, in the case of the pixel-row numbers
corresponding to the first half of the scan operation, the
unit-time noise quantity indicated by the plot C for the
structure according to the present invention 1s greater than
that indicated by the plot B for the existing structure. Thus,
as shown 1n FIG. 19, 1n the case of the pixel-row numbers
corresponding to the first half of the scan operation, the
actually accumulated noise quantity indicated by the plot C
1s naturally greater than that indicated by the plot B.

As shown 1n FIG. 18, in the case of the pixel-row numbers
corresponding to the second half of the scan operation, on
the other hand, the unit-time noise quantity indicated by the
plot C 1s smaller than that indicated by the plot B. Thus, as
shown 1 FIG. 19, 1n the case of the pixel-row numbers
corresponding to the second half of the scan operation, the
actually accumulated noise quantity indicated by the plot C
as the noise quantity found by integrating the noise quantity
per unit time over the electric-charge holding period 1s
naturally smaller than that indicated by the plot B.

As described above, the plot B shown 1n FIG. 19 repre-
sents a relation for the existing structure. As shown by the
plot B, 1 the case of the existing structure, the actually
accumulated noise quantity abruptly increases in the second
half of the scan operation.

On the other hand, the plot C shown in FIG. 19 represents
a relation for the structure according to the present inven-
tion. As shown by the plot C, in the case of the structure
according to the present invention, the actually accumulated
noise quantity does not abruptly increase in the second half
of the scan operation. Thus, 1t 1s possible to realize a
structure with little noise-quantity unevenness throughout
all the pixel rows. The difference between the maximum
value of the actually accumulated noise quantity and the
mimmum value of the actually accumulated noise quantity
for the structure according to the present invention 1s made
smaller than that for the existing structure. To put i1t con-
cretely, the application of the present invention reduces the
difference for the structure according to the present mnven-
tion to a value about equal to Yio of that for the existing
structure.

The description given so far has explained a structure in
which, 1n the scan direction, the opto-electric conversion
section PD and the memory section MEM are placed alter-
nately and, 1n each unit pixel, the memory section MEM 1s
located on the scan-direction upstream side of the opto-
clectric conversion section PD.

In accordance with a higher-level concept of the present
invention, however, two opto-electric holding sections (such
as the memory sections MEM) of two unit pixels adjacent to
cach other 1n the scan direction are placed disproportionately
to one of the sides 1n the scan direction with respect to the
opto-electric conversion section PD or an optical-path lim-
iting section.

The two opto-electric holding sections are placed dispro-
portionately to a specific one of the sides in the scan
direction with respect to the opto-electric conversion section
PD or an optical-path limiting section by typically shifting
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the center of a gap between the two opto-electric holding

sections from the scan-direction center of the opto-electric

conversion section PD or the scan-direction center of the
optical-path limiting section to the specific side 1n the scan
direction.

Let the opto-electric conversion section PD taken as a
reference for example. In this case, as described earlier by
referring to FIG. 17, the distance Dsl between the opto-
clectric conversion section PD and the memory section
MEM on the downstream side in the scan direction 1s set at
a value longer than the distance Dnl between the opto-
clectric conversion section PD and the memory section
MEM on the upstream side 1n the scan direction. Thus, 1t 1s
possible to provide a configuration 1n which the relation
between the opto-electric conversion section PD and the
memory section MEM which are employed 1n the same unit
pixel 1s reversed to a relation opposite to that shown in the
figure by placing the opto-electric conversion section PD on
the upstream side 1n the scan direction and the memory
section MEM on the downstream side in the scan direction.
In the case of this configuration, by setting the distance
between the memory section MEM 1included 1n a specific
umt pixel and the opto-electric conversion section PD
included 1n a unit pixel adjacent to the specific unit pixel at
a value longer than the distance between the memory section
MEM 1ncluded 1n a specific unit pixel and the opto-electric
conversion section PD included in the specific unit pixel, the
same eflects can be obtained.

In this case, however, the condition for setting the mutual
separation of elements 1included 1n unit pixels adjacent to
cach other becomes strict and a transier of electric charge
from the opto-electric conversion section PD to the memory
section MEM easily becomes diflicult to carry out due to the
longer distance between the opto-electric conversion section
PD and the memory section MEM. In order to reduce the
cllect on the mutual separation of elements and the easiness
of the electric-charge transfer, 1t 1s possible to provide
configurations in which the relation between the positions of
the opto-electric conversion section PD and the electric-
charge holding section in the unit pixel shown 1n each of
FIGS. 13 and 17 1s reversed by swapping the elements on the
upstream and downstream sides in the scan direction with
cach other.

The descriptions given above can be summed up below.
The solid-state 1mage taking device according to the first
embodiment exhibits characteristics (1) and (2) as well as
ellect (3) which are explained as follows.

(1): The opto-electric conversion section PD and the elec-
tric-charge holding section are placed alternately 1n the
vertical scan direction.

(2): The relation between the distance from the opto-electric
conversion section PD to the electric-charge holding
section on the upstream side 1n the vertical scan direction
and the distance from the opto-electric conversion section
PD to the electric-charge holding section on the down-
stream side 1n the vertical scan direction 1s described as
follows. The distance from the opto-electric conversion
section PD to the adjacent electric-charge holding section
on the downstream side in the vertical scan direction 1s
longer than the distance from the opto-electric conversion
section PD to the adjacent electric-charge holding section
on the upstream side 1n the vertical scan direction.

(3): In this structure, on the scan-start pixel row, incident
light having a large incidence angle propagates at a high
intensity from the opeming of the opto-electric conversion
section PD to the electric-charge holding section placed at
a relatively short distance from the opto-electric conver-
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ston section PD. Conversely, on the scan-end pixel row,
incident light having a large incidence angle propagates at
a high intensity from the opening of the opto-electric
conversion section PD to the electric-charge holding
section placed at a relatively long distance from the
opto-clectric conversion section PD. As a result, 1t 1s
possible to reduce the difference between the quantity of
the noise accumulated during the electric-charge holding
period 1n a unit pixel in the vicinity of the scan-start pixel
row having a short electric-charge holding period and the
quantity of the noise accumulated during the electric-
charge holding period 1n a unmit pixel in the vicinity of the
scan-end pixel row having a long electric-charge holding
period.

In the first embodiment described above, the noise quan-
tity of the electric-charge holding section 1s reduced by
properly setting a distance between impurity areas in the
semiconductor substrate. The first embodiment eliminates
noise unevenness generated due to differences between
incidence angles of inclined light. Due to the specification of
the lens group, however, the number of components
included 1n the mclined incident light may be very large. In
such a case or other cases, it may be necessary to prescribe
the quantity of the noise intruding into the electric-charge
holding section by making use of a relation between a light
shielding edge for protection against the mcident light and
the electric-charge holding section rather than making use of
the distance from the opto-electric conversion section PD.

The following description explains two other embodi-
ments each used for prescribing the noise quantity by
making use of a distance relation between the light shielding
edge and the electric-charge holding section.

In a second embodiment which 1s a specific one of the two
other embodiments, as a member of an incident light path
limiting section provided by the present mvention, a light
shielding film edge 1s used. In a third embodiment which 1s
the other one of the two other embodiments, the member of
the mncident light path limiting section 1s implemented by a
wire end. As another member of the incident light path
limiting section for limiting inclined incident light, the
optical black of a color filter or the like may be assumed. In
general, however, the closer the light shielding opening to
the substrate, the bigger the effect of the light shielding.
Thus, 1n the case of the second and third embodiments, there
are many cases 1n which 1t 1s suflicient to prescribe a range,
which 1s determined by a light shielding film and a wire as
a range hit by incident light, by making use of a relation with
the electric-charge holding section. It 1s to be noted that the
tollowing description 1s not to be interpreted as a description
limiting a member prescribing a light shielding edge by
making use of the incident light path limiting section only to
the light shielding film and the wire.

2: Second Embodiment

FIG. 20 1s a pixel structure cross-sectional diagram
referred to 1 the following description of a method for
prescribing distances in accordance with the second embodi-
ment. FIG. 20 1s a diagram corresponding to FIG. 17
provided for the first embodiment. That 1s to say, FIG. 20 1s
a cross-sectional diagram showing a structure along a line
A-B shown 1n FIG. 16. It 1s to be noted that FIGS. 10 to 16
provided for the first embodiment can also be applied to the
second embodiment.

Much like FI1G. 17, FIG. 20 shows a unmit pixel on the 1th
pixel row at the center of the figure, a portion of a unit pixel
on the (1-1)th pixel row on the right side of the figure and
a portion of a unit pixel on the (1+1)th pixel row on the left
side of the figure. The unit pixels are separated and insulated
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clectrically from each other by an element separation layer
prescribing an active layer mentioned before. In the structure
shown 1n the figure, the element separation layer i1s a
LOCOS layer. However, 1t 1s possible to employ an element
separation layer of another type. Typical examples of the
clement separation layer of another type are the STI, EDI
and FLAT element separation layers.

A distance Dn2 1s defined as the distance between the
N-type area 107a of the memory section MEM to be
protected against mmcoming leak light becoming noises and
an edge of a PD opening 116A created on a light shielding
film 116 serving as a member of the incident light path
limiting section. Also referred to as a light shielding edge,
the edge of the light shielding film 116 1s an edge on the
upstream side in the scan direction. On the other hand, a
distance Ds2 1s defined as the distance between the other
edge of the PD opening 116 A and another N-type arca 107a
on the scan-direction downstream side of the other edge. The
other edge of the PD opening 116A 1s an edge on the
downstream side 1n the scan direction.

The unit pixel 1s configured to have the distance Ds2 on
the downstream side in the scan direction longer than the
distance Dn2 on the upstream side 1n the scan direction. The
distance Dn2 1s the distance between the PD opening 116 A
and the memory section MEM which are included 1n the
same unit pixel. Thus, the distance Dn2 means the width of
a light shielding film between the PD opening 116 A and the
memory section MEM 1n the unit pixel. On the other hand,
the distance Ds2 1s the distance between the PD opening
116 A 1n a specific unit pixel and the memory section MEM
in another unit pixel adjacent to the specific unit pixel. Thus,
the distance Ds2 means the width of a light shielding film
between the PD opening 116 A 1n a specific unit pixel and the
memory section MEM 1n another unit pixel adjacent to the
specific unit pixel. The reader 1s advised to keep 1n mind that
it 1s more desirable to set the distance Ds2 at a value at least
1.5 times the distance Dn2.

As described above, even if the pixel structure satistying
the relation Ds1>Dnl as shown i FIG. 17 cannot be
implemented, by applying the distance prescription accord-
ing to the second embodiment shown 1n FIG. 20, the same
ellect can be obtained. The reader 1s advised to keep 1n mind
that 1t 1s the magnitude of the inclined light component and
other factors that determine which of the relation Ds1>Dnl
and the relation Ds2>Dn2 1s capable of reducing the noise
quantity. Thus, 1t 1s dithicult to make a sweeping judgment
about whether the relation Ds1>Dnl or the relation
Ds2>Dn2 1s capable of reducing the noise quantity. How-
ever, 1t 1s nice to satisty at least one of the two relations and,
as a matter of fact, 1t 1s more desirable to satisiy both the
relations.
3: Third Embodiment

FIG. 21 1s a pixel structure cross-sectional diagram
referred to 1n the following description of a method for
prescribing distances in accordance with a third embodi-
ment. FIG. 21 1s a diagram corresponding to FIG. 17
provided for the first embodiment. That 1s to say, FIG. 21 1s
a cross-sectional diagram showing a structure along a line
A-B shown 1n FIG. 16. It 1s to be noted that FIGS. 10 to 16
provided for the first embodiment can also be applied to the
third embodiment.

Much like FIG. 17, FIG. 21 shows a unit pixel on the ith
pixel row at the center of the figure, a portion of a unit pixel
on the (1-1)th pixel row on the right side of the figure and
a portion of a unit pixel on the (1+1)th pixel row on the left
side of the figure. The unit pixels are separated and insulated
clectrically from each other by an element separation layer
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prescribing an active layer mentioned before. In the structure
shown 1n the figure, the element separation layer 1s a
LOCOS layer. However, it 1s possible to employ an element
separation layer of another type. Typical examples of the
clement separation layer of another type are the STI, EDI
and FLAT element separation layers.

A distance Dn3 1s defined as the distance between the
N-type area 107a of the memory section MEM to be
protected against mcoming leak light becoming noises and
an edge of a wire layer serving as a member of the incident
light path limiting section. In this case, the wire layer 1s an
upper-level wire layer which 1s a second wire layer (2ZMT).
Also referred to as a light shuelding edge, the edge of the
wire layer 1s an edge on the upstream side in the scan
direction. On the other hand, a distance Ds3 1s defined as the
distance between an edge of another wire layer and another
N-type area 107a on the scan-direction downstream side of
the edge of the other wire layer. The other wire layer 1s a
layer on the downstream side in the scan direction 1 seen
from the opeming of the incident light path limiting section.
In this case, the other wire layer 1s an upper-level wire layer
which 1s a second wire layer (2MT). Also referred to as a
light shielding edge, the edge of the other wire layer 1s an
edge on the upstream side in the scan direction.

A first wire layer (1MT) and a second wire layer (2MT)
are shown 1n FIG. 21. In particular, however, the second
wire layer (2ZMT) 1s a wire extended in the horizontal
direction as a pixel signal line. Thus, the second wire layer
(2MT) 1s a dominant member for limiting the pixel opening
in the A-B direction. It 1s to be noted that, in general, among
wire layers with the same scan-direction edge position, the
upper-level wire layer easily becomes a member for limiting
inclined hght If the lower-level wire layer 1s pulled out 1nto
the opening more than the upper-level wire layer, however,
the lower-level wire layer may become the member for
limiting inclined light in some cases. Thus, FIG. 21 1s not to
be interpreted as a figure excluding distance prescription
making use of the lower-level wire layer such as the first
wire layer (1MT).

The unit pixel 1s configured to have the distance Ds3 on
the downstream side 1n the scan direction longer than the
distance Dn3 on the upstream side 1n the scan direction. The
distance Dn3 1s the distance between the wire-layer light
shielding edge and the memory section MEM which are
included in the same unit pixel. Thus, the distance Dn3
means the width of light shielding provided by a wire
between the wire-layer light shielding edge and the memory
section MEM 1n the umit pixel. On the other hand, the
distance Ds3 1s the distance between the wire-layer light
shielding edge 1n a specific umt pixel and the memory
section MEM 1n another unit pixel adjacent to the specific
unit pixel. Thus, the distance Ds3 means the width of light
shielding prowded by a wire between the wire-layer light
shielding edge 1n a specific umit pixel and the memory
section MEM 1n another unit pixel adjacent to the specific
unit pixel. The reader 1s advised to keep 1n mind that 1t 1s
more desirable to set the distance Ds3 at a value at least 1.5
times the distance Dn3.

The 2MT has been taken as an example. For the reason
described above, however, the 1MT or a wire layer at an
even higher level can also be used provided that the 1MT or
the wire layer at an even higher level 1s predominant for the
opening on the incident light path limiting section.

As described above, even 1f the pixel structure satisiying
the relation Ds1>Dnl as shown in FIG. 17 or the relation
Ds2>Dn2 as shown 1 FIG. 20 cannot be implemented, by
applying the distance prescription according to the third
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embodiment shown in FIG. 21, the same eflect can be
obtained. The reader 1s advised to keep 1n mind that 1t 1s the
magnitude of the inclined light component, the structure of
the incident light path limiting section and other factors that
determine which of the relation Ds1>Dnl, the relation
Ds2>Dn2 and the relation Ds3>Dn3 1s capable of reducing
the noise quantity. Thus, 1t 1s diflicult to make a sweeping
judgment about whether the relation Ds1>Dnl, the relation
Ds2>Dn2 or the relation Ds3>Dn3 1s capable of reducing the
noise quantity. However, it 1s nice to satisiy at least one of
the three relations and it 1s desirable to satisty two of the
three relations. As a matter of fact, 1t 1s even more desirable
to satisty all the three relations.

Next, the following description explains embodiments 1n
which the read section 1s placed on the scan-direction
upstream side of the opto-electric conversion section PD.
That 1s to say, the read section 1s placed on the side closer

to the scan-start pixel row.
4: Fourth E

Embodiment
Next, a fourth embodiment 1s explained by referring to

FIGS. 22 to 26 as tollows.

FIG. 22 1s a top-view diagram showing the configuration
of a unit pixel PIXB according to the fourth embodiment.
FIG. 23 1s a top-view diagram showing the basic configu-
ration of a pixel array composed of unit pixels PIXB
arranged to form a pixel matrix. The unit pixel PIXB has the
pattern shown i FIG. 22. The basic configuration 1s a
configuration for 6 unit pixels PIXB. The pixel array is the
pixel array 11 employed i the CMOS image sensor 10
shown 1n FIG. 10. FIG. 24 1s a top-view diagram showing
a layout of light shielding films 116 for shielding the basic
configuration of the pixel array shown in FIG. 23 against
light and a layout of PD openings 116 A each provided for
one of the light shielding films 116. FIG. 25 1s an explana-
tory top-view diagram showing the basic configuration of
the pixel array for three scanned pixel rows each composed
of unit pixels PIXB. FIG. 26 1s a pixel structure cross-
sectional diagram to be referred to in the following descrip-
tion ol a method for prescribing distances in accordance
with the fourth embodiment. The cross section shown in

FIG. 26 1s a cross section along a line C-D shown 1n the
diagram of FIG. 25.

The equivalent circuit composed of elements employed 1n
the unmit pixel PIXB 1s basically identical with that of the unit
pixel according to the first embodiment. In the case of the
fourth embodiment, however, the opto-electric conversion
section PD), the memory section MEM and the transistor area
serving as the read section are laid out 1n the scan direction.

In the case of the fourth embodiment, the area allocated
to the memory section MEM 1s spread almost all over the
area ol the pixel size in the pixel width direction also
referred to as the row direction. Thus, on the joint between
two unmit pixels adjacent to each other in the row direction
also referred to as the horizontal direction, a first transfer
gate TRX can be created. As a result, 1t 1s possible to prevent
a contact portion from dropping from a pixel signal line used
for driving the first transier gate TRX provided for every
umt pixel. In addition, since the distance between the
opto-electric conversion section PD and the memory section
MEM adjacent to the opto-electric conversion section PD
can be made shorter, the number of unnecessary contact
openings for the light shielding film 116 can be reduced. As
a result, the light shielding function of the light shielding
film 116 can be improved in order to decrease the noise
quantity. In addition, since the size of the dead space
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decreases, the size of an area allocated to the opto-electric
conversion section PD and the memory section MEM can be
increased.

On top of that, a pixel-transistor area allocated to the read

section 1s provided between the memory sections MEM of 5

two pixel areas. Thus, among other things, the distance Ds3
between the opto-electric conversion section PD and the
memory section MEM on the downstream side 1n the scan
direction can be set at a large value so that it 1s possible to
provide a layout 1n which the relation Ds1>Dnl set for the
first embodiment described earlier 1s easy to satisiy. For the
same reason, 1t 1s possible to provide a state 1n which the
relation Ds2>Dn2 set for the second embodiment and, in
addition, the relation Ds3>Dn3 set for the third embodiment
are easy to satisly.

FIG. 25 1s an explanatory top-view diagram showing the
basic configuration of the pixel array for three scanned pixel
rows each composed of unit pixels PIXB each including a
light shielding film 116. The three scanned pixel rows are
respectively an (1-1)th pixel row, an 1th pixel row and
(1—1)th pixel row which are arranged 1n the scan direction.
In the scan direction, the relation between the position of the
memory section MEM (serving as the electric-charge hold-
ing section) or the tloating diffusion capacitor FD and the
position of the opto-electric conversion section PD provided
in the same unit pixel as the memory section MEM or the
floating diffusion capacitor FD 1s set as follows. The
memory section MEM or the floating diffusion capacitor FD
1s located on the upstream side of the opto-electric conver-
sion section PD.

FIG. 26 1s a pixel structure cross-sectional diagram to be
referred to in the following description of a method for
prescribing distances 1n accordance with the fourth embodi-
ment. The cross section shown 1n FIG. 26 1s a cross section
along a line C-D shown 1n the diagram of FIG. 25. It 1s to
be noted that the pixel array according to the fourth embodi-
ment 1s the pixel array 11 employed 1n the CMOS 1mage
sensor 10 shown 1n FIG. 10 as a sensor according to the first
embodiment.

Much like FIG. 17, FIG. 26 shows a unit pixel on the 1th
pixel row at the center of the figure, a portion of a unit pixel
on the (1-1)th pixel row on the right side of the figure and
a portion of a unit pixel on the (1+1)th pixel row on the leit
side of the figure. The unit pixels are separated and 1nsulated
clectrically from each other by an element separation layer
prescribing an active layer mentioned before. In the structure
shown 1n the figure, the element separation layer i1s a
LOCOS layer. However, it 1s possible to employ an element
separation layer of another type. Typical examples of the
clement separation layer of another type are the STI, EDI
and FLAT element separation layers.

A distance Dn4 1s the distance between the opto-electric
conversion section PD of a unit pixel on the 1th pixel row and
the memory section MEM on the scan-direction upstream
side of the opto-electric conversion section PD. Conversely,
a distance Ds4 1s the distance between the opto-electric
conversion section PD of the unit pixel and the memory
section MEM on the scan-direction downstream side of the
opto-electric conversion section PD. The distance Ds4 1is
suiliciently longer than the distance Dnd4.

The distance Dn4 1s the distance between the opto-electric
conversion section PD and the memory section MEM which
are employed 1n the same unit pixel. Thus, the distance Dn4
means the length of a transfer of electric charge from the
opto-electric conversion section PD to the memory section
MEM. On the other hand, the distance Ds4 1s the distance
between the opto-electric conversion section PD of a spe-
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cific unit pixel and the memory section MEM of a pixel unit
adjacent to the specific unit pixel. Thus, the distance Ds4
means the width of separation between unit pixels adjacent
to each other. The reader 1s advised to keep 1in mind that 1t
1s desirable to set the distance Ds4 at a value at least two
times the distance Dnd.

In the case of the fourth embodiment, a pixel transistor
area to be used as the read section 1s sandwiched within a
region covered by the distance Ds4 on the downstream side
in the scan direction. Thus, 1n comparison with the first
embodiment, the noise elimination eflect provided by the
fourth embodiment 1s big.

It 1s to be noted that FIG. 26 shows only a portion
corresponding to the relation Ds1>Dnl set for the first
embodiment. It 1s a matter of course, however, that the unit
pixel according to the fourth embodiment has a configura-
tion easily allowing both the relation Ds2>Dn2 set for the
second embodiment and the relation Ds3>Dn3 set for the
third embodiment also to hold true as well.

By providing a pixel transistor area between two unit
pixels adjacent to each other in the scan direction as
described above, it 1s possible to assure a larger diflerence
between the distances Dnx and Dsx where X 1s an integer in
the range 1 to 4. As a result, the noise quantity and the noise
unevenness can be sufliciently reduced.

5: Fifth Embodiment

Next, a fifth embodiment 1s explained by referring to
FIGS. 27 to 31 as follows.

FIG. 27 1s a top-view diagram showing the configuration
of a umit pixel PIXC according to the fifth embodiment. FIG.
28 15 a top-view diagram showing the basic configuration of
a pixel array composed of unit pixels PIXC arranged to form
a pi1xel matrix. The unit pixel PIXC has the pattern shown 1n
FIG. 27. The basic configuration 1s a configuration for 6 unit
pixels PIXC. The pixel array 1s the pixel array 11 employed
in the CMOS 1mage sensor 10 shown 1n FIG. 10. FIG. 29 1s
a top-view diagram showing a layout of light shielding films
116 for shielding the basic configuration of the pixel array
shown 1n FIG. 28 against light and a layout of PD openings
116 A each provided for one of the light shielding films 116.
FIG. 30 1s an explanatory top-view diagram showing the
basic configuration of the pixel array for three scanned pixel
rows each composed of unit pixels PIXC. FIG. 31 1s a pixel
structure cross-sectional diagram to be referred to in the
following description of a method for prescribing distances
in accordance with the fifth embodiment. The cross section
shown 1 FIG. 31 1s a cross section along a line E-F shown
in the diagram of FIG. 30.

Each of the basic configurations shown 1n FIGS. 27 and
28 include the same pixel elements as the first embodiment
except that the memory section MEM 1s excluded from each
of the configurations. That 1s to say, the fifth embodiment
carries out a global shutter driving operation by holding
clectric charge 1n the floating diffusion capacitor FD as 1s the
case with the structure according to the existing technolo-
gies.

In the case of the fifth embodiment, the floating diffusion
capacitor FD and the pixel transistor area used as the read
section are laid out 1n the row direction. The array of these
two elements 1 the row direction and the opto-electric
conversion section PD are laid out in the column direction
which 1s the scan direction. For example, the opto-electric
conversion section PD 1s placed on the scan-direction down-
stream side of the array of the floating diffusion capacitor FID
and the pixel transistor area.

The number of contact portions 1n the patterns shown 1n

FIG. 29 as the patterns of the light shielding films 116 1s
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reduced by a quantity corresponding to the area of the
climinated memory section MEM. Thus, the light shielding
function carried out by the fifth embodiment 1s relatively
g00d.

FIG. 30 1s an explanatory top-view diagram showing the
basic configuration of the pixel array for three scanned pixel
rows each composed of unit pixels PIXC each including a
light shielding film 116. The three scanned pixel rows are
respectively an (1-1)th pixel row, an 1th pixel row and
(1—1)th pixel row which are arranged 1n the scan direction.
In the scan direction, the relation between the position of the
floating diffusion capacitor FD serving as the electric-charge
holding section and the position of the opto-electric conver-
sion section PD provided in the same unit pixel as the
floating diffusion capacitor FD 1s set as follows. The floating
diffusion capacitor FD 1s located on the scan-direction
upstream side of the opto-electric conversion section PD.

FIG. 31 1s a pixel structure cross-sectional diagram to be
referred to in the following description of a method for
prescribing distances in accordance with the fifth embodi-
ment. The cross section shown 1n FIG. 31 1s a cross section
along a line E-F shown in the diagram of FIG. 30. It 1s to be
noted that the pixel array according to the fifth embodiment
1s the pixel array 11 employed in the CMOS 1mage sensor 10
shown 1n FIG. 10 as a sensor according to the first embodi-
ment.

Much like FIG. 17, FIG. 31 shows a unit pixel on the 1th
pixel row at the center of the figure, a portion of a unit pixel
on the (1-1)th pixel row on the right side of the figure and
a portion of a unit pixel on the (1+1)th pixel row on the left
side of the figure. The unit pixels are separated and insulated
clectrically from each other by an element separation layer
prescribing an active layer mentioned before. In the structure
shown 1n the figure, the element separation layer i1s a
LOCOS layer. However, it 1s possible to employ an element
separation layer of another type. Typical examples of the
clement separation layer of another type are the STI, EDI
and FLAT element separation layers.

A distance Dn5 1s the distance between the opto-electric
conversion section PD of a unit pixel on the 1th pixel row and
the floating diffusion capacitor FD on the scan-direction
upstream side of the opto-electric conversion section PD.
Conversely, a distance Ds5 i1s the distance between the
opto-electric conversion section PD of the unit pixel and the
floating diffusion capacitor FD on the scan-direction down-
stream side of the opto-electric conversion section PD. The
distance Ds5 1s suiliciently longer than the distance DnS.

The distance Dn5 1s the distance between the opto-electric
conversion section PD and the floating diffusion capacitor
FD which are employed in the same unit pixel. Thus, the
distance Dn3 means the length of a transier of electric
charge from the opto-electric conversion section PD to the
floating diffusion capacitor FD. On the other hand, the
distance Ds5 1s the distance between the opto-electric con-
version section PD of a specific unit pixel and the floating
diffusion capacitor FD of a pixel unit adjacent to the specific
unit pixel. Thus, the distance DsS5 means the width of
separation between unit pixels adjacent to each other.

It 1s to be noted that FIG. 31 shows only a portion
corresponding to the relation Ds1>Dnl set for the first
embodiment. It 1s a matter of course, however, that the unit
pixel according to the fifth embodiment has a configuration
casily allowing both the relation Ds2>Dn2 set for the second
embodiment and the relation Ds3>Dn3 set for the third
embodiment also to hold true as well.

As 1s obvious from the above description, the present
invention can also be applied to a structure including the
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floating diffusion capacitor FD but excluding the memory
section MEM 1n accordance with an existing technology to
serve as a structure for carrying out a global shutter driving
operation.

In addition, by providing a pixel transistor area between
two unit pixels adjacent to each other 1 the scan direction
in the same way as the fourth embodiment described above,
it 1s possible to assure a larger difference between the
distances Dnx and Dsx where X 1s an integer 1n the range 1
to 4.

The fifth embodiment has been exemplified by taking the
structure of a global shutter unit pixel, which 1s based on an
operation to hold electric charge in the floating diffusion
capacitor FD, as an example. However, the above exempli-
fication also holds true for any other pixel structure as well
as long as the other pixel structure requires that the amount
ol noise unevenness generated 1n the global shutter driving
operation be reduced. Typical examples of the other pixel
structure 1nclude a structure having a rnng gate and a
structure increasing the capacitance of the floating diffusion
capacitor FD by making use of an additional capacitor.

6: Sixth Embodiment

A sixth embodiment implements a technology for reduc-
ing the number of wires 1n combination with any of the first
to fifth embodiments.

FIG. 32 1s a top-view diagram showing a layout of films
116 for shielding the basic configuration of a pixel array
according to a sixth embodiment against light and a layout
of PD openings 116A.

In the pixel array shown in FI1G. 32, the PD opening 116 A
for photodiodes PD of unit pixels adjacent to each other 1n
the horizontal direction 1s not divided by a light shielding
film 116, forming an opening having a line shape which 1s
continuous 1n the horizontal direction. In other words, the
light shielding film 116 1s divided 1n the vertical direction
which 1s the scan direction, forming the shape of long
parallel stripes oriented 1n the horizontal direction.

As has been explained earlier by referring to FIGS. 6 and
7, the horizontal-direction size of the pixel array 11 1s greater
than the vertical-direction size of the pixel array 11. Thus,
the 1ncidence angle for a unit pixel on a horizontal edge of
the pixel array 11 1s severer than the incidence angle for a
umt pixel on a vertical edge of the pixel array 11.

In the horizontal direction of the pixel array according to
this embodiment, basically, the magnitude of the incidence
angle for this direction does not aflect noises. This 1s because
a light shielding section 1s not provided between photo-
diodes PD separated from each other in the horizontal
direction to serve as opto-electric conversion eclements.
Thus, 1t 1s necessary to only solve a mixed-color problem
encountered in an ordinary image sensor. A mixed color 1s
a sort of optical crosstalk. Accordingly, as a countermeasure
against noises, a light shuelding film 116 i1s not provided
between opto-electric conversion sections separated from
each other 1n the horizontal direction. As a result, the number
of light shielding films 116 can be reduced so that the optical
sensitivity can be improved.

It 1s to be noted that the area from which the light
shielding film 1s eliminated i1s an area allocated to creation
of pixel transistors. Thus, this area does not have the
function to accumulate electric charge. As a result, even the
light shielding section for shuelding this area against light 1s
eliminated, the elimination does not have an eftect on noises.

In addition, by configuring the pixel array into a structure
shown 1n FI1G. 32, the light shielding film 116 can be created
1solatively for every pixel row. Thus, the light shielding film
116 can also be used as a pixel signal line. As a result, for
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every light shielding film 116, one pixel signal line can be
climinated. Accordingly, the degree of freedom to design the
layout can be raised and the pixel-opening area prescribed
by wires can also be increased as well. In addition, the
number of contact openings for the light shielding film 116
can be reduced so that the noise quantity can also be
decreased as well.

The reader 1s advised to keep 1 mind that 1t 1s also
possible to provide a configuration 1n which the light shield-
ing {ilm 116 occupies an area which 1s contiguous in the
direction of the pixel row and covers some pixel rows
adjacent to each other in the scan direction. Typically, the
light shielding film 116 covers at least two pixel rows
adjacent to each other 1n the scan direction. Even 1n the case
of such a configuration, there are provided eflects that the
light sensitivity can be improved and the degree of freedom
to design the layout can also be raised as well. In addition,
since the number of contact openings for the light shielding
film 116 can be reduced, the noise quantity can be decreased
too. These eflects are great in comparison with a configu-
ration 1 which a light shielding film 116 1s provided for
every unit pixel.

7: Seventh Embodiment

A seventh embodiment implements a technology for
sharing the pixel driving line 16 1n combination with any of
the first to sixth embodiments.

FIG. 33 1s a top-view diagram showing the basic con-
figuration of a pixel array according to the seventh embodi-
ment. The figure shows a pixel array for six unit pixels.

On a joint between at least two umit pixels adjacent to each
other 1n the horizontal direction, gate electrodes are created
to serve as common electrodes to be shared by the umt
pixels. As explained earlier by referring to FIG. 10, a pixel
row oriented in the horizontal direction 1s driven by a pixel
driving line 16 common to all unit pixels on the pixel row.
Thus, the gate electrodes can be shared by the two unit pixels
adjacent to each other i1n the horizontal direction.

In accordance with the existing technologies, each gate
clectrode provided for a unit pixel 1s separated by a certain
space from the corresponding gate electrode provided for
another unit pixel. In the pixel-array structure according to
the seventh embodiment, however, every gate electrode can
be shared by unit pixels adjacent to each other in the
horizontal direction along a pixel row driven by a pixel
driving line 16 common to all unit pixels on the pixel row.
It 1s thus possible to eliminate the inter-gate space required
in the existing technologies. In addition, it 1s also possible to
reduce the number of contact portions individually required
in the existing technologies. As a result, there 1s room to
increase the size of an area to be occupied by elements such
as the electric-charge holding section and the opto-electric
conversion section PD serving as the opto-electric conver-
s1on section. In addition, by reducing the number of contact
openings for the light shielding film 116, the noise quantity
can also be decreased as well.

It 1s to be noted that in the case of the first to third
embodiments, the space 1s eliminated by reversing the
horizontal orientation of the unit pixel for each of unit pixels
laid out 1n the horizontal direction to result 1n the pixel array
shown 1n FIG. 33. In the case of other embodiments such as
the fourth embodiment shown in FIG. 22, however, the
space 1s eliminated by sharing one first transfer gate TRX
among a plurality of umt pixels laid out in the horizontal
direction without reversing the horizontal orientation of all
unit pixels.

In addition, by sharing an element other than the first
transfer gate TRX, 1t 1s also possible to result 1n the same
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ellect as that produced by sharing the first transfer gate TRX.
Typical examples of the other element are the second
transier gate TRG, the electric-charge exhausting gate ABG,
the SEL drniving signal lines 16S for conveyving the select
pulse SEL and the reset line RST for conveving the reset
pulse RST.

The first transier gate TRX occupies the largest area and
has the longest circumierence among the gate electrodes
included 1n the unit pixel. Thus, a dead space that can be
climinated by sharing the first transfer gate TRX among unit
pixels adjacent to each other 1s largest among the gate
clectrodes included 1n the unit pixel. In addition, with regard
to contact openings of the light shielding film 116, the closer
the contact opening to the memory section MEM, the bigger
the effect of the contact opening on the noise. Thus, also
from the noise-reduction point of view, 1t 1s desirable to
share the first transier gate TRX 1n order to get nd of a

contact opening closest to the memory section MEM.
8: Fighth Embodiment

An eighth embodiment implements an array-configura-
tion technology in combination with any of the first to
seventh embodiments.

FIG. 34 1s a diagram showing the basic configuration of
two pixel arrays according to the eighth embodiment
whereas FI1G. 35 1s an enlarged diagram obtained by enlarg-
ing a portion of the configuration shown in FIG. 34 as a
diagram showing details of the configuration.

As shown 1n FIG. 34, the pixel array 11 employed 1n the
CMOS 1mage sensor 10 shown 1n FIG. 10 1s divided by the
center line perpendicular to the scan direction nto an
upper-half pixel array 11 A and a lower-half pixel array 11B.

The vertical driving section 12 A 1s capable of carrying out
a scan operation on the upper-half pixel array 11A and the
lower-half pixel array 11B in the vertical direction at the
same time. To put 1t 1 detail, the vertical driving section
12A carries out a scan operation on the upper-half pixel
array 11A from the center line 1n the upward direction and
the lower-half pixel array 11B from the center line in the
downward direction. The direction of the scan operation
carried out on the upper-half pixel array 11A 1s referred to
as a scan direction A whereas the direction of the scan
operation carried out on the lower-half pixel array 11B 1s
referred to as a scan direction B. Also referred to as a scan
driving section, the vertical driving section 12A capable of
carrying out a scan operation on the upper-half pixel array
11A and the lower-half pixel array 11B in the vertical
direction independently at the same time can be said to be a
vertical driving section actually including a first scan driving
section for driving the upper-half pixel array 11A and a
second scan driving section for driving the lower-half pixel
array 11B.

It 15 to be noted that the vertical driving section 12A 1s also
capable of carrying out control to start exposure operations
of the upper-halt pixel array 11A and the lower-half pixel
array 11B with timings different from each other. The
predetermined pixel area used in the descriptions explaining
the embodiments so far means the entire pixel area which 1s
the effective pixel area of the pixel array 11. For a structure
in which the entire pixel area 1s divided into a plurality of
partial pixel areas and driving operations can be carried out
on the partial pixel arecas as 1s the case with the eighth
embodiment, on the other hand, the predetermined pixel area
does not necessarily imply the entire pixel area but may
mean a partial pixel area smaller than the entire pixel area.

FIG. 35 1s an enlarged diagram obtained by enlarging a
boundary portion of the configuration shown in FIG. 34.
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That 1s to say, FIG. 35 shows a portion on a boundary
between the upper-half pixel array 11A and the lower-half
pixel array 11B. The upper-half pixel array 11A on the
upstream side in the scan direction and lower-half pixel
array 11B on the downstream side 1n the scan direction are
symmetrical with respect to the boundary line between the
upper-half pixel array 11A and the lower-hall pixel array
11B. The upper-half pixel array 11 A and the lower-half pixel
array 11B are configured 1n this way in order to sustain the
relationship between the opto-electric conversion section
PD serving as the opto-electric conversion section and the
clectric-charge holding section 1n the relation between the
scan-direction upstream side also referred to as the scan-start
pixel-row side and the scan-direction downstream side also
referred to as the scan-end pixel-row side 1n the same way
as the embodiments described previously.

By having such a configuration, it 1s possible to avoid the
use of a portion having a strict incidence angle and a large
noise quantity. Thus, the noise quantity can be further
reduced. In addition, the noise unevenness can be made
symmetrical with respect to the center line perpendicular to
the scan direction 1n the upward and downward directions
from the center line.

It 1s to be noted that the driving operation carried out by
the vertical driving section 12A also referred to as the scan
driving section does not have to be driving operations
carried out at the same time on the upper-haltf pixel array
11A and the lower-half pixel array 11B 1n the scan directions
A and B respectively as shown in FIG. 35. That 1s to say, the
driving operation can also be carried out by the vertical
driving section 12A on the upper-half pixel array 11A and
the lower-half pixel array 11B alternately to give the same
cllects. In this case, the frame rate 1s equal to that of a
one-side scan operation. However, 1t 1s possible to avoid the
need to increase the sizes of the column processing section
and sections provided at stages subsequent to the column
processing section.

In addition, as described above, the pixel array 11 can also
be divided into two halves, 1.e., the upper-half pixel array
11A and the lower-half pixel array 11B which are described
as follows. First pixel rows composing the upper-half pixel
array 11 A and second pixel rows composing the lower-half
pixel array 11B are pixel rows arranged alternately.

In this case, a portion with a strict incidence angle and a
large noise quantity 1s used. However, the noise unevenness
can be made symmetrical with respect to the center line of
the scan direction 1n the upward and downward directions
from the center line.

9: Read Method Common to the Embodiments

In each of the first to fourth embodiments each making
use of the memory section MEM as described above and
cach of the sixth to eighth embodiments explained earlier,
the following read method based on a global exposure
operation can be well implemented.

FIGS. 36A to 36G are a plurality of model diagrams
referred to 1n the following description of an electric-charge
exhausting operation, a global exposure operation or an
clectric-charge accumulation operation, a read operation and
an electric-charge transier operation which are carried out
by a unit pixel employing a memory section. The following
description sequentially refers to FIGS. 36 A to 36G. FIGS.
36 A to 36G are a plurality of model diagrams each showing
a well-type distribution of electric potentials generated by
clectrons serving as opto-electric charge. A variety of gates
shown 1n the figure include the first transfer gate TRX of the
first transier gate transistor, the second transfer gate TRG of
the second transier gate transistor and the reset gate RST of
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the reset transistor 104. Each of these gates controls the
clectric-potential barrier of a transistor having the gate 1n
order to put the transistor in a conductive or non-conductive
state. That 1s to say, 1n the following description, a gate 1s
said to be turned on or ofl 1n order to respectively lower or
raise the electric-potential barrier of a transistor having the
gate. With the electric-potential barrier lowered, the transis-
tor having the gate 1s said to have been put 1n a conductive
state and the gate 1s shown as a black painted rectangle 1n the
figure. With the electric-potential barrier raised, on the other
hand, the transistor having the gate 1s said to have been put
in a non-conductive state and the gate 1s shown as a white
painted rectangle.
FIG. 36A

First of all, all the gates TRX, TRG and RST are each

turned on during the duration period of a pulse applied to
cach of the gates. In this state, opto-electric charge accu-
mulated 1n the N-type embedded layer 114 of the opto-
clectric conversion section PD 1s exhausted simultaneously
for all unit pixels 1n the electric-charge exhausting operation.

FIG. 368

When the duration period of each of the pulses applied to
the gates TRX, TRG and RST 1s ended, the global exposure

operation also referred to as the simultaneous exposure
operation 1s started to commence the operation to accumu-
late electric charge in the opto-electric conversion section

PD for all unit pixels.
FIG. 36C

When the first gate TRX 1s turned on for all pixels at the
same time, the exposure operation and the electric-charge
accumulation operation are ended whereas an operation 1s
carried out to transfer the electric charge from the opto-
clectric conversion section PD to the memory section MEM
and held in the memory section MEM.

FIG. 36D

After the exposure operation has been ended, the vertical
driving section sets the reset pulse RST 1n order to turn on
the reset gate RST on a one-row-aiter-another basis. With
the reset gate RST turned on, the floating diffusion capacitor
FD 1s reset.

FIG. 36E

Then, the vertical driving section drives the gates of the
select transistors 106 employed in the read section through
the pixel driving line 16 or, strictly speaking, the SEL
driving signal lines 16S orniented 1 the row direction
sequentially on a one-row-alter-another basis 1 order to
read out a reset level sequentially on a one-row-after-another
basis.

FIG. 36F

Subsequently, the second transter gate TRG 1s turned on
in order to transfer electric charge stored in the memory
section MEM to the floating diflusion capacitor FD.

FIG. 36G

Later on, an operation to read out a signal level 1s carried
out 1n the same way as the operation to read out the reset
level as described above. Since reset noises included 1n the
signal level match reset noises represented by the reset level,
typically, a signal processing circuit provided at a later stage
1s capable of carrying out processing to eliminate noises
including kKTC noises.

By adopting a pixel structure including the memory
section MEM 1n addition to the floating diffusion capacitor
FD as described above, 1t 1s possible to carry out processing
to eliminate noises including KTC noises. The memory
section MEM 1s a memory for temporarily storing electric
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charge accumulated 1n the embedded-type opto-electric con-
version section PD or, strictly speaking, the N-type embed-
ded layer 114.

By applying the present invention, 1t 1s possible to etlec-
tively prevent noise components caused by, among others,
smear noises other than kKTC noises from being superposed
on signal electric charge. The noise components caused by
smear noises and the like are not superposed on the reset
level. Thus, the signal processing circuit provided at a later
stage 1s not capable of eliminating these noise components
which cause the quality of the image to deteriorate. By
applying the present invention, however, it 1s possible to
generate a high-quality 1image with noises eliminated or
suiliciently suppressed.

10: Modified System Configurations

In accordance with the embodiments described so far, in
the configuration of the CMOS image sensor 10 shown in
FIG. 10, the data storage section 19 1s provided to carry out
processing concurrently with the signal processing section
18 provided at a stage following the column processing
section 13.

However, the system configuration 1s by no means limited
to the configuration shown i FIG. 10.

As shown in FIG. 37 for example, the data storage section
19 1s provided to carry out processing concurrently with the
column processing section 13.

In the system configuration, 1t 1s possible to adopt a
processing method by which the horizontal driving section
14 simultaneously reads out electric charge accumulated 1n
the opto-electric conversion section PD and electric charge
stored 1n the memory section MEM at the same time 1n a
horizontal scan operation and, then, the signal processing
section 18 provided at a later stage carries out signal
processing on them. In this case, as 1s obvious from FIG. 2,
the electric charge stored in the memory section MEM 1s
read out from the read section connected to the N-type area
103 which 1s the normal path. However, the electric charge

accumulated in the opto-electric conversion section PD 1s
read out at the same time directly from the memory section
107.

For the reason described above, it 1s necessary to provide
a configuration in which the memory section 107 1s con-
nected to the read section as an impurity area having an
equivalent capacitance and the same concentration profile as
the N-type area 103. Such a configuration 1s referred to as a
double-FD structure because the configuration has two FDs
(floating diffusion) capacitors.

The double-FD structure including the second FD used as
a replacement for the memory section MEM can be adopted
in the embodiments described above except the fifth
embodiment having a single-FD structure. Even if the
double-FD structure 1s adopted, the present invention can be
applied 1n the same way as the embodiments.

FIG. 38 1s a block diagram showing a second typical
modified system 1n which the column processing section 13
1s provided with an AD (analog to digital) conversion
function for carrying out AD conversion processing for
every column of the pixel array 11 or for every plurality of
columns in the pixel array 11. In addition, the signal pro-
cessing section 18 and the data storage section 19 are
provided to carry out processing concurrently with the
column processing section 13.

In this configuration, after the signal processing section
18 has carried out noise elimination processing by adoption
of an analog or digital technique, the signal processing
section 18 and the data storage section 19 perform various
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kinds of processing for every column of the pixel array 11
or for every plurality of columns 1n the pixel array 11.

11: Other Modified Versions

The electric-charge holding section provided between the
opto-electric conversion section and the floating diffusion
capacitor FD playing a role as a section for converting
clectric charge into a voltage expressed 1n terms of varia-
tions 1n electric potential 1s by no means limited to the
memory section MEM and the double-FD structure includ-
ing the second FD used as a replacement for the memory
section MEM. That 1s to say, the electric-charge holding
section can be any area as far as the area can be used for
temporarily accumulating electric charge.

The technical term ‘at the same time for all unit pixels’
used in the descriptions of the embodiments implies an
entire pixel section for outputting a signal appearing as an
image. The entire pixel section may not have to include
dummy pixels and the like. In addition, in the pixel section
for outputting a signal appearing as an 1mage, only a pixel
arca determined 1n advance may be subjected to the simul-
taneous exposure operation. Nevertheless, the present inven-
tion can be applied to such a case.

Each of the embodiments described above 1s a typical
implementation realizing a CMOS 1mage sensor including a
pixel array created as a matrix by 2-dimensionally laying out
unit pixels each used for detecting signal charge, which has
an amount determined by the quantity of visible light, as a
physical quantity.

However, the scope of the present invention i1s by no
means limited to the application of the present invention to
the CMOS 1mage sensor. That 1s to say, the present invention
can also be applied to general solid-state 1mage taking
devices each adopting a column method making use of a
column processing section provided for each pixel column
of the pixel array.

In addition, the scope of the present ivention 1s by no
means limited to the application of the present mnvention to
a solid-state 1image taking device for detecting a distribution
of the quantity of incident visible light and taking an 1image
representing the distribution. That 1s to say, the present
invention can also be applied to a solid-state 1image taking
device for detecting a distribution of another quantity such
as the quantity of an incident infrared ray or an X ray or a
distribution of the number of particles and taking an 1image
representing the distribution. In a broader sense, the present
invention can also be applied to general solid-state 1image
taking devices each used for detecting a distribution of
another physical quantity such as a pressure or a static
capacitance and taking an 1mage representing the distribu-
tion. Also referred to as physical-quantity distribution detec-
tion apparatus, the general solid-state image taking devices
include a fingerprint detection sensor.

It 1s to be noted that the solid-state 1mage taking device
can be created as one chip or as a module created by
integrating the 1image taking section and the signal process-
ing section or the optical system in a package having an
image taking function.

In addition, the memory section MEM can be created to
have a HAD structure. It 1s to be noted that the HAD
structure does not have to be a structure provided with a
P-type substrate surface area 1n advance. That is to say, the
HAD structure can be any structure as long as the structure
induces an accumulation layer of minority carriers such as
holes on the surface of the substrate during a period in which
clectric charge 1s transferred and held. For example, the
HAD structure can be a structure inducing holes on the
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surface of the substrate due to an action of a film electrically
charged to a negative electric potential.

In addition, the scope of the present mvention 1s by no
means limited to the application of the present invention to
the solid-state 1mage taking devices. That i1s to say, the
present invention can also be applied to a general electronic
apparatus employing a solid-state image taking device 1n the
image taking section (that is, the opto-electric conversion
section) of the apparatus. Typical examples of the electronic
apparatus are an 1image taking apparatus, a terminal having
the 1image taking function and a copy machine employing a
solid-state 1image taking device in the 1image reading section
thereot. Typical examples of the image taking apparatus are
a digital still camera and a video camera whereas a typical
example of the terminal 1s a hand-held phone. It 1s to be
noted that the solid-state image taking device according to
the present invention can be mounted on the electronic
apparatus as a module cited before. That 1s to say, 1n the case
of the 1mage taking apparatus used as the electronic appa-
ratus, the image taking apparatus serves as a camera module.
12: Typical Applications (Embodiments of Electronic Appa-
ratus)

FIG. 39 1s a block diagram showing a typical configura-
tion of an electronic apparatus such as an i1mage taking
apparatus 50 to which the present invention i1s applied.

As shown in FIG. 39, the image taking apparatus 50
according to the present imnvention employs an optical sys-
tem, a solid-state image taking device 52, a DSP circuit 53,
a frame memory 354, a display apparatus 55, a recording
apparatus 56, an operation system 57 and a power-supply
system 38. The optical system includes a lens group 51
whereas the DSP circuit 53 functions as a camera-signal
processing section. In addition, the DSP circuit 53, the frame
memory 54, the display apparatus 55, the recording appa-
ratus 56, the operation system 57 and the power-supply
system 38 are connected to each other by a bus line 39.

The lens group 51 recerves incident light (also referred to
as 1mage light) from an 1mage taking object and creates an
image on the image taking surface of the solid-state image
taking device 52 on the basis of the light. The solid-state
image taking device 52 converts the quantity of the incident
light serving as a basis for creating the image on the 1image
taking surface of the solid-state image taking device 32 into
an electrical signal for every unit pixel and outputs the
clectrical signal to the DSP circuit 53 as a pixel signal. The
solid-state 1mage taking device 52 is typically the CMO
image sensor 10 according to any of the embodiments
described before. That 1s to say, the solid-state image taking
device 52 i1s capable of carrying out an image taking
operation including a global exposure operation for getting
rid of distortions.

The display apparatus 55 1s a panel-type display apparatus
such as liquid-crystal display apparatus or an organic EL
(Electro Luminescence) display apparatus. The display
apparatus 33 displays a moving or standstill image created
on the 1mage taking surface of the solid-state 1mage taking
device 52. The recording apparatus 56 records the moving or
standstill 1mage created on the 1mage taking surface of the
solid-state 1mage taking device 52 on a recording medium
such as a video tape or a DVD (Dagital Versatile Disk).

In accordance with an operation carried out by the user on
the operation system 37, the operation system 57 1ssues an
operation instruction to carry out one of a variety of func-
tions provided for the image taking apparatus 50. The
power-supply system 58 generates operation power at a
variety of levels and supplies the power to the DSP circuit
53, the frame memory 54, the display apparatus 55, the
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recording apparatus 36 and the operation system 57 at the
levels proper for these power recipients.

As described above, the image taking apparatus 50
employs the CMOS 1mage sensor 10 according to any of the
embodiments explaimned before as the solid-state 1mage
taking device 52. Since the CMOS image sensor 10 1s
capable of reducing noises caused by variations 1n transistor
threshold voltage and, hence, assuring a high S/N ratio, the
quality of the taken 1image can be improved. Thus, the image
taking apparatus 50 1s capable of serving as a digital still
camera, a video camera or a camera module used in a mobile
equipment such as a hand-held phone.

13: Effects of the Embodiments

In the case of the first embodiment, 1n a unit pixel, the
opto-electric conversion section PD serving as an electric-
charge conversion element and the electric-charge holding
section are laid out in the scan direction. In addition, the
distance between the electric-charge conversion element and
an adjacent electric-charge holding section on the scan-
direction downstream side of the electric-charge conversion
clement 1s made longer than the distance between the
clectric-charge conversion element and an adjacent electric-
charge holding section on the scan-direction upstream side
of the electric-charge conversion element. For example, the
distance between the electric-charge conversion element and
an adjacent electric-charge holding section on the down-
stream side 1n the scan direction 1s at least two times the
distance between the electric-charge conversion element and
an adjacent electric-charge holding section on the upstream
side 1n the scan direction. Thus, the noise unevenness in the
pixel array can be reduced to typically about Yio. In par-
ticular, 1t 1s possible to suppress abrupt noise unevenness in
the scan second half of the pixel array.

In the case of the second and third embodiments for
example, 1n an mcident-light limiting member provided for
every unit pixel receiving incident light, a distance to a light
shielding edge on the downstream side 1n the scan direction
as seen Irom an electric-charge accumulation section 1s
made longer than a distance to a light shielding edge on the
upstream side in the scan direction as seen from the electric-
charge accumulation section i1n order to give the same
noise-unevenness reduction effect as the eflect described
above.

By adoption of a unit-pixel structure in which the electric-
charge conversion element and the electric-charge holding
section are laid out 1n the scan direction, 1t 1s possible to
climinate a light shielding film between electric-charge
conversion elements adjacent to each other 1n the horizontal
direction as 1s the case with typically the sixth embodiment.
Thus, the sensitivity can be enhanced.

By adoption of a structure in which a light shuelding film
between electric-charge conversion elements adjacent to
cach other in the horizontal direction can be said to have
been eliminated because the light shielding film 1s used as a
replacement for a vertical signal line. Thus, due to the
reduction of the number of vertical signal lines excluding the
vertical signal line replaced by the light shielding film, 1t 1s
possible to raise the degree of freedom to design the layout
and, due to an increased wire opening size, 1t 1s possible to
improve the sensitivity.

In addition, on a joint between at least two unit pixels
adjacent to each other in the horizontal direction, one or
more gate electrodes are created to serve as common elec-
trodes to be shared by the unit pixels as 1s the case with
typically the seventh embodiment. As a result, 1t 1s possible
to raise the degree of freedom to design the layout and
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increase the sizes ol areas to be occupied by the electric-
charge conversion element and the electric-charge holding
section.

The present application contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
2010-070252 filed 1n the Japan Patent Oflice on Mar. 25,
2010, the entire content of which 1s hereby incorporated by
reference.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factor in so far as they are within the scope of the
appended claims or the equivalents thereof.

What 1s claimed 1s:

1. An 1maging device comprising;

a first pixel unit including (a) a first photoelectric con-
version element that generates a first signal, (b) a first
memory that holds the first signal, and (c¢) a first
transier gate that transiers the first signal from the first
photoelectric conversion element to the first memory;

a second pixel unit including (a) a second photoelectric
conversion element that generates a second signal, (b)
a second memory that holds the second signal, and (c)
a second transier gate that transfers the second signal
from the second photoelectric conversion element to
the second memory,
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an element separation portion i1solating the first and sec-

ond pixel units from each other; and

a light shielding film,

wherein,

first pixel unit 1s adjacent to the second pixel unit, and,
1n a cross section view, a distance between the first
memory and the second photoelectric conversion
clement 1s longer than a distance between the first
memory and the first photoelectric conversion ele-
ment, and

the light shielding film 1s disposed over the element
separation portion, and portions of the first photo-
clectric conversion element and the second photo-
electric conversion element.

2. The imaging device according to claim 1, the element
separation portion 1s disposed between the first memory and
the second photoelectric conversion element.

3. The 1maging device according to claam 1, further
comprising a first insulating film disposed between the first
memory and the first transfer gate.

4. The mmaging device according to claim 1 further
comprising a second insulating film disposed between the
light shielding film and the first transfer gate.

5. The imaging device according to claim 4, wherein the
first transfer gate 1s surrounded by the light shielding film
and the element separation portion.
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